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Background 



Silverbrook's bilithic Memjet™ printheads are the target printheads for printing systems 
which will be controlled by SoPEC and MoPEC devices. 

This document presents the format and structure of these printheads, and describes the 
their possible arrangements in the target systems. It also defines a set of terms used to dif- 
ferentiate between the types of printheads and the systems which use them. 



Currently, this document is only concerned with the structure of the printheads and their 
systems, with regard to the way in which dot data is loaded. 

Refer to the Bilithic Printhead Specification [1] for the complete description of the func- 
tionality of these devices. 

This document relies on certain definitions and details presented in Bilithic Printhead 
Specification [1]. 



It is intended that this document be used as a reference for engineers involved in the 
design work on the SoPEC and MoPEC projects. 



1,1 



Companion Documents 



1.2 



Readership 
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2 Definitions 

This document presents terminology and definitions used to describe the bilithic printhead 
systems. These terms and definitions are as follows: 

• Printhead Type - There are 3 parameters which define the type of printhead used in a 
system: 

• Direction of the data flow through the printhead (clockwise or anti-clockwise, with 
the printhead shooting ink down onto the page). 

• Location of the left-most dot (upper row or lower row, with respect to V+ ). 

• Printhead footprint (type A or type B, characterized by the data pin being on the left 
or the right of K +# where K + is at the top of the printhead). 

• Printhead Arrangement - Even though there are 8 printhead types, each arrangement 

has to use a specific pairing of printheads, as discussed in Section 3. This gives 4 
pairs of printheads. However, because the paper can flow in either direction with 
respect to the printheads, there are a total of eight possible arrangements, e.g. 
Arrangement I has a Type 0 printhead on the left with respect to the paper flow, and 
a Type 1 printhead on the right. Arrangement 2 uses the same printhead pair as 
Arrangement 1, but the paper flows in the opposite direction. 

• Co)or Q is always the first color plane encountered by the paper. 

• DptQ is defined as the nozzle which can print a dot in the left-most side of the page. 

• The Even Plane of a color corresponds to the row of nozzles that prints dot 0. 

Note that throughout this document, where the various printheads and systems are pre- 
sented, the printheads always shoot ink down onto the page. 

Figure 1 shows the 8 different possible printhead types. Type 0 is identical to the Right 
Printhead presented in Figure 3 in [1], and Type 1 is the same as the Left Printhead as 
defined in [1]. 
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While the printheads shown in Figure 1 look to be of equal width (having the same number 
of nozzles) it is important to remember that in a typical system, a pair of unequal sized 
printheads may be used 
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Figure 1. Printhead Types 0 to 7 

Table 1 defines the printhead pairing and location of the each printhead type, with respect 
to the flow of paper, for the 8 possible arrangements. 

Table 1, Definition of the different printhead arrangements 
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3 Bilithic Printhead Systems 

When using the bilithic printheads, the position of the power/gnd bars coupled with the 
physical footprint of the printheads mean that we must use a specific pairing of printheads 
together for printing on the same side of an A4 (or wider) page, e.g. we must always use a 
Type 0 printhead with a Type 1 printhead etc. 

While a given printing system can use any one of the eight possible arrangements of print- 
heads, this document only presents two of them, Arrangement 1 and Arrangement 2, for 
purposes of illustration. These two arrangements are discussed in subsequent sections of 
this document. However, the other 6 possibilities also need to be considered. 

The main difference between the two printhead arrangements discussed in this document 
is the direction of the paper flow. Because of this, the dot data has to be loaded differently 
in Arrangement 1 compared to Arrangement 2, in order to render the page correctly. 



Confidential 



October 21.2002 



6 



SNverbrook Research 



SoPEC/MoPEC Bifithic Printhead Reference 



4-4-1-6- vi.o draft 



3.1 



Example 1 : Printhead Arrangement 1 



Figure 2 shows an Arrangement 1 printing setup, where the bilithic printheads are 
arranged as follows: 

• The Type 0 printhead is on the left with respect to the direction of the paper flow. 

• The Type 1 printhead is on the right. 
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The ink is being shot down onto the page. Direction 

r-& of Paper Flow 



Figure 2. Identification of printheads nozzles and shift-register sequences for 
printheads in Arrangement 1 
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Table 2 lists the order in which the dot data needs to be loaded into the above printhead 
system, to ensure color O-dot 0 appears on the left side of the printed page. 

Table 2. Order in which the even and odd dots are loaded for printhead Arrangement 
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Loaded second in 
descending order. 


Loaded first in 
descending order. 


Even 


Loaded first in 
ascending order. 


Loaded second in 
ascending order. 



Figure 3 shows how the dot data is demultiplexed within the printheads. 
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Figure 3. Demultiplexing of data within the printheads in Arrangement 1 

Figure 4 and Figure 5 show the way in which the dot data needs to be loaded into the print- 
heads in Arrangement 1, to ensure that color O-dot 0 appears on the left side of the printed 
page. 

Data[0] <r^-^ ^Pvc.^,u*.; 
Data[lJ ^C4^5^^4^; 
SrClk HJnJTJ~lJn_JTJ~LJ^^ 



Figure 4. Signalling for a Type 0 printhead In Arrangement 1 

SrClk nJTJTJnjHJOJTJTJT^ 

Figure 5. Signalling for a Type 1 printhead in Arrangement 1 
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3.2 Example 2: Printhead Arrangement 2 

Figure 6 shows an Arrangement 2 printing setup, where the bilithic printheads are 
arranged as follows: 

• The Type I printhead is on the left with respect to the direction of the paper flow. 

• The Type 0 printhead is on the right. 



The printheads are facing downwards. 
The ink is being shot down onto the page. 
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Figure 6. Identification of printheads nozzles and shfft-reglster sequences for 
printheads in Arrangement 2 
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Table 3 lists the order in which the dot data needs to be loaded into the above printhead 
system, to ensure color O-dot 0 appears on the left side of the printed page. 

Table 3. Order in which the even and odd dots are loaded for printhead Arrangement 







i^wh©n\ohnh^loft^ 
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Figure 7 shows how the dot data is demultiplexed within the printheads. 
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Figure 7. Demultiplexing of data within the printheads In Arrangement 2 

Figure 8 and Figure 9 show the way in which the dot data needs to be loaded into the print- 
heads in Arrangement 2, to ensure that color O-dot 0 appears on the left side of the printed 
page. 
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Figure 8. Signalling for a Type 0 printhead In Arrangement 2 
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Figure 9. Signalling for a Type 1 printhead in Arrangement 2 
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3.3 Conclusions 

Comparing the signalling diagrams for Arrangement 1 with those shown for Arrangement 
2, it can be seen that the color/dot sequence output for a printhead type in Arrangement 1 
is the reverse of the sequence for same printhead in Arrangement 2 in terms of the order in 
which the color plane data is output, as well as whether even or odd data is output first. 
However, the order within a color plane remains the same, i.e. odd descending, even 
ascending. 

From Figure 10 and Table 4, it can be seen that the plane which has to be loaded first (i.e. 
even or odd) depends on the arrangement Also, the order in which the dots have to be 
loaded (e.g. even ascending or descending etc.) is dependent on the arrangement. 

If the device controlling the printheads can re-order the bits according to the following cri- 
teria, then it should be able to operate in all the possible printhead arrangements: 

• Be able to output the even or odd plane first 

• Be able to output even and odd planes in either ascending or descending order, inde- 
pendently. 

• Be able to reverse the sequence in which the color planes of a single dot are output to 
the printhead. 




Figure 10. All 8 Printhead Arrangements 
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Tabte 4. Order in which even and odd dots and planes are loaded Into the various 
printhead arrangements 









Arrangement 1 


Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Arrangement 2 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 


Arrangement 3 


Odd ascending loaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending loaded second 


Arrangement 4 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Arrangement 5 


Odd ascending loaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending loaded second 


Arrangement 6 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Arrangement 7 


Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Arrangement 8 i 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 
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Bi-lithic Printhead Specification 



1 0 Basic Requirements 

by "Stitching" reticle images, 
ket as 1600 dpi. 

The « nozz.e of the ri8 h. chip should >»ve 
nozzle of the left chip for the same color row. There 
same colour) scheme employed. 

1.1 Power Supply 

chip using conductive adhesive to bus bar besutethe ^ ™ ^ fee % problem 
(12V was considered for Vpos but routing of CMOS Vdd 
o^r the length of the chips, but this will be revisited). 

1.2 MEMS cells 

during this pulse. 

1.2.1 ISSUE!!! ^ 

unTSaTis about 8 Amperes if all nozzle fire. 

That is S Ampere, U for on» 1 colourl .6A • 6 eolours - 96 A for all colour*. 

„ ow orany colour, ceuld print a, me same ^^SS- 2 "* 
ours at the time am required, to create map an, ^'"^"^.f infixed ink, 
^und). But tire n,ativeinku S ,^^ d ^^y, the peak could be all 



12 2 64um unit cell height 

Bltftween the odd and even dots, and 8 line spacing 
This cell would have 4 line spacing between the oaa an 

between adjacent colours. 
1.23 80 um unit cell height 



This cell would have 5 line spacing 
between adjacent colours. 



between the odd and even dots, and 10 line spacing 



1.3 Versions 

1.3.1 6 Colour 1600 dpi with 64 um unit cell 



Left and Right Chip. This version 



will not be prototyped 



1.3.2 6 Colour 160Q dpi with 80 um unit cell 

Left and Right Chip. 

1.3.3 4 Colour 800 dpi with 80 um unit cell 

For camera application. Single nozzle row per colour. 
This version will not be prototyped. 

1.4 Air Supply 

AirmustbesuppliedtotheMEMSregion through holes in the chip. 

2.0 Head Sizes 

TABLE 1. He ad Combinations 
Left Head 
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row 



wafer Sut, manages to avoid this set, without any loses. 



3.0 Interface 

different pin out). Pins marked as. common can be controuea y 



TABLE 2. I/O pins 



Nam e 

Data[0-1] 



a taL[0-lJ 



SrClk 



SrClkL 



ReadL 



I/O 



Fun ction _ 

Dot data for colours 0 - 5, using IMflerential S^giialimg 
pltS. the complementary signal), colours[0-2] on 

n^ tafoy colourf3-51 on Data[l] _ 

Feedback for CMOS testing (LSyncL=l, ReadL^S) 

and {LSyncL^Q, ReadL=Q) 

[0] - nozzle test result 

[1]- temperature 



Max 
Speed] 
Common |(MHz)j 



No 



poo 



COmp ICUiui wj ^*cr" - ■ — 

Feedback for CMOS testing (LSyncL=\ , ReadL<=0) 
and {LSyncL=O f ReadL=0) 
0] - nozzle test result 

1] - tem perature _ 

5oTdata shift clock using Differential signalling 
(SrClkL the complementary signal) 



comple mentary signal of SrClk 

Data[0-l]/DataL[G-l] in output mode (driving non-dif- 

f erential) 

Fire patter n shift clock 
Pulse Profile for all colours 



Yes 



Yes 



L » " Q - Capture dot data for next print line 

b 300 MHz clock, so edges are 600 Mhz rate 

c 1 MHz cycle, but the resolution of the mark/space ratio may requue 50 ns. 
A 10 kHz cycle, with minimum low pulse of 10 ns (no maximum). 



controller (SOPEC). 
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3.1 Dot firing 

To fire a nozzle, three signals are 
signals are high, the nozzle will fire 

FIGURE 1. Print head structure 



need. A dot data, a fire signal, and a profile. When all 



n 

a. 




dot shift register, this data is transfer to foe the nozzle. The use 

at the same time the dot pattern m the dot latch is been 

^r^SrS^r^K. - iengfl. of *e cnip - 
agin with one register bit in each direction flow. 
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FIGURE 2. Column Structure 
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Dot[5], 
SrClK 2 




Oot(0] 
SrCIko 



Datal< 



The select register forms *. "^£^1^X2*. 
selects the reverse direction fire register. 

The tod s i8 na. need, ft. profile, *^J£¥?Z£*^J£g' 
whole colour row at the same time 



(with a slight propagation delay per column). 
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U Dot Shift Register Orientation 



; head that form complete bi-litto 



The ieft side pnn, head (chip) » «- « <" dW ^ 
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Section A-A Through Even nozzles 




l^ftPrlntHead - (n-mfSozzlS 




m+2 m-2 m-6 
m+4 » m 4 



• . the following data streams will need to provided. 
With this mapping, the touowm B 

; » BI ■« 3- Head Combin natterns (n-13**^ ^ead 

Left Head 

, T [ dot order U 0 J n — 4075 4077,4079,] line y+5l 

|Stoeln-mJ >4 (M,4082,4080,j une y4 5 fKKO ^^^ow^UjgH-ey^ 

4 H^^SO^^^ 



fi3 5,....690"7>09,6911.] Une y+51 

fTTr^323^325,8327,] line y+5l 

r7T5^739l7^743Tline y+5l 
^19740,9738 .4,2,0] line y 1 



(CO, Cl, C2)....J mulCdUU . * Note SrC/fc 
pulses (and 3L+1 rising edges). ^ 



FIGURE 4. Data Timing During Printing 



Data[0] 




Data[1] 



r cvr7fr SrClk default state is 
Data ^ a se M p - SfttK* «U 

3 3 Fire Shift Register 

, _ ifthereeisterisftillofl'sthen 
that(4800A)! ^ 

Prmted , , ^ C hift reaisters aUow the generation of a hori- 

The fire shift register and ^^'^ SSive a discontinuity of a "saw 
zontal print line that on ^- ^^t tooth" pattern of c). 
tooth" pattern, Figure 5aj«oj uu 

FIGURE 5. Print quality 




* dot with all zero's in the fire select shift register 
a) Printing every dot witn au zerw 



CXX0000000003000 



cxdoooooooooocxxx: 



b) Printing every n* dot with 



all one's in the fire select shift register 



OOOCOU ( ^- A - > ^^ tlienB one's in the fire select shift registers 
c) Printing every dot with n zero's then « one s . 

f 7zle at the same time starting 
This is done by firing 2 ZTlc°Z starting from *= and 
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To achieve this fire pattern the fire shift register and select shift register need to 
be set up as show in Figure 6. 



FIGURE 6. Fire and Select Shift Register setup for printing 



..0000000 0001111111 1110000000 0001111111 111 select shift reg 



1 fire shift 

register 



The pattern has shifted a * 1 ' into the fire shift register every n th positions (where n is 
usually is a minimum of about 100) and n * Ts, followed n *0's in the select shift 
register. At a start of a print cycle, these patterns need to be aligned as above, with the 
"1000..." of a forward half of fire shift register, matching an n grouping of '1 * or 
*0's in the select shift register. As well, with the "1000..." of a reverse half of the 
fire shift register, matching an n grouping of T or '0's in the select shift regis- 
ter. And to continue this print pattern across the butt ends of the chips, the select 
shift register in each should end with a complete block of n * Vs (or 4 G's). 

FIGURE 7. Fire Pattern across butt end of Print Chips 



. . .1110000000 0001111111. - . .111 

Left Print Head Fire/Select sk 



3C 



1111111. . . .1110000000. . . .0001111111 
Right Print Head Fire /Select SR 



Since the two chips can be of different lengths, it makes initialisation of these pattern 
difficult. This is solved by building initialisation circuitry into chips. This circuit is 
controlled by to registers, nlen(14) and count(14) and b(1). These registers are 
loaded serially through DatafOJ, while LSyncL is low, and ReadL is high with FrClk. 



FIGURE 8. Fire Pattern Generation 



nlen 




Fs_mrr 

clocked by FsClk 
a gated FrClk 



count 



serial load path enabled 



— ^^V" 

by Scan \lL^ 



L 



fire shift register 

clocked by fsclk a gated FrClk 



select shift register 



clocked by SelClk a gated FrClk 



The scan order from input is b, n[13-0],c[0-13], therefore b is shifted in last. 
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The following table shows the values to programme the bi-lithic head pairs using a fire 
TABLE 4. Head Combinations Initialisation for /i=100 



Nozzles 
La 


Nozzles 
Lb 


n len (A&B)~ 
n-l 


count A = 
(L A /2) mod n 
-1 


b A 


b B 


rem- 
(L B /2) mod n 


- count B = 
(L A -L B +reiw) mod « 
-1 


9744 


4080 


99 


71 


0 


0 


40 


3 


8328 


5496 


99 


63 


0 


0 


48 


79 


6912 


6912 


99 


55 


0 


0 


56 


55 



and once the registers are initialised with LA FrClk cycles (ReadL='0\ LSyncL-T). 
rem would be the correct value for count Q if chip B was only clocked (FrClk) L B 
times. But this chip will be over clocked L A -L B cycles. The values of b A and b B are 
either the same or inverse of each other. The actually value does not matter. They need 
to be different from each other if the select shift registers would end up with differ- 
ent values at the butt ends. If (L A /2n) is even (and count A is non zero), then the final 
run in € A*s select shift register will be !b A . If (L A -L B /2) mod n is even (and count B is 
non zero) then the final run in 'B's select shift register will be !b B . 



FIGURE 9. Determining Select Shift Register value 

Head A 



"> La 



L A /2 select shift register length 



count A +1 



HeadB 



II 






< 


► 


L B /2 select shift register length 







□5jjU_ counte+1 



3,4 Profile Pattern 

A profile pattern is repeated at FrClk rate. It is expected to be a single pulse about lus 
long. But it could be a more complicated series of pulse. The actual pattern depends on 
the ink type. 

The following figure show the external timing to print a line of data. In this example 
the line is printed in 8 cycles of FrClk. 
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FIGURE 10. Timing for printing Signals 
LsyncC y— — 

ReadL " 




pr ™jJLJiJij^jM_ri_rB n_ 

3.5 Interface Modes 

The print heads a eight different modes controlled by signals ReadL and LSyncL. As 
seen in Figure 9 with both LSyncL and ReadL high, the chip in normal printing mode. 
Some of these mode can operate at the same time, but may interfere with the result of 
the other modes. 



TABLE 5. Print Head Modes 



ReadL 


LSyncL 


Mode 


Internal 
Mapping 


1 


1 


Normal Print Mode 


SrClk=SrClk/3 

frclk=FrClk 

SelClk=0 

FsClk-FrClk 

Scan=0 

CoreScan=0 


X 


0 


Dot Load Mode 

• Dot latches are open, loaded with Dot shift regis- 
ters, latch once LSyncL returns to 1 (this happens 
regardless of ReadL) 

* Enables Dot Shift register to capture fire result. 




1 


0 


Fire Load Mode 

• DatafOJ will shift through nlen, count and b with 
FrClk 


SrClk-X 

frclk=X 

SelClk=X 

FsClk-FrClk 

Scan=l 

CoreScan=X 
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TABLE 5. Print Head Modes 



ReadL 


LSyncL 


Mode 


Internal 
Mapping 


0 


1 


Reset Nozzle Test 

• Resets the state of nozzle test circuit 


SrClk-SrClk 

FrClk=FrC!k 

SelClk=FrClk 

FsClk=FrClk 

Scan^O 

CoreScan=l 


0 


1 


CMOS testing mode 

• The contents of the dot shift registers are serial 
shifted out on Data [0-1] with SrClk 


0 


1 


Fire Initialise mode 

• The contents of the fire shift register and select 
shift register is generated with FrClk 


0 


0 


Temperature Output 

• The series of Delta Sigma output are clocked out on 
DatafOJ with FrClk, The sum of these bits represent 
the temperature of the chip. 


SrClk=X 

frclk=K) 

SelClk=0 

FsClk=0 

Scan=0 

CoreScan=X 


0 


0 


Nozzle Test Output 

* The result of a nozzle test is output on Data[l]. 



3*5.1 Printing 



Figure 10 shows show timing for normal printing. During this action, we drop out of 
Normal Print Mode y to Dot Load Mode between line transfers. For printing to perform 
correctly, no other signal should be stable. 

3.5.2 Initialising for Printing 

To initialise for printing the fire shift registers and select shift registers need to setup 
into a state as shown in Figure 7. To do this the chips are put into Fire Load Mode and 
the values for nlen, count and b are serially shifted from Data[0] clocked by FrClk. 
As the two chip have separate Data line, and common FrClk, this happens at the same 
time. Once this is done, mode is changed to Fire Initialise Mode, and further L A FrClk 
cycles are provided to both chips. During all these operation Pr should be low, to pre- 
vent unintentional firing for nozzles. 
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FIGURE 11. Initialising Print Heads 
LsyncL 



ReadL 



Data A [0] ( b A , lnen[13-0], count[(M3] A ) - 
DataelO] ( bg, lnen[13~0], count [0-13] B > - 



SrClk 

Frc,k flfUlf 



urn 



Pr 



JUUUI 

< — 



JUUUI 



-> La cycles 



Fire Load Mode 



Fire Initialise Mode 



3.5.3 Nozzle Testing 

Nozzle testing is done by firing a single at a time a monitoring the DatafJJ pin in the 
Nozzle Test Output mote. 

Each nozzle has a test switch with closes when it nozzle is fired. All 12 switches in a 
nozzle column are connect in parallel to the following circuit. 

FIGURE 12. Nozzle Test Latching Circuit 



Testout 




This circuit is initialised when ever LSyncL is high and ReadL is low (Reset Nozzle 
T est mode). This forces all "switch nodes" to low, and the feedback through lower NOR 
gate will latches this value. With LSyncL low and ReadL still low (Nozzle Test Output 
mode) the Testout of the first nozzle column is output on DatafJJ. If any switch is 
closed, the switch node of this column will be pulled up, and will ripple through to the 
output as transition from high to low. 
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FIGURE 13. Nozzle Testing 
LsyncL 



ReadL 

SrClk§|||~ 



Pr 



Set up Test 



Reset Nozzle Test Mode 



Nozzle Test Output 
Mode 



Setup 
Test 



Nozzle testing requires a setup phase in order to fire only one nozzle. There are many 
ways to achieve this. Simplest might be to load a single colour with 101010 through the 
even nozzles, and 010101 ... for the odd nozzles (0's for all other colours), and set up a 
fire pattern with n = L A /2. With this fire pattern only one nozzle will fire in each Pr 
pulse. After firing in Nozzle Test Output mode, a single FrClk will advance to next 
nozzle, then Reset and Test After L A /2 cycles of this testing, a single SrClk will 
advance the dot shift registers to setup the untested nozzles of this colour, and another 
L A /2 cycles of FrClk, Reset and Test will finished testing this colour. Then repeat test 
procedure for other colours. 

3.5.4 Temperature Output 

This mode is not well defined yet. In this mode, DatafOJ will output a series of ones 
and zeros clocked by FrClk. After a (currently unknown) number of FrClk cycles the 
sum of this series will represent the temperature of the chip. Clocking frequency in this 
mode it expected to be in the range 10kHz - 1MHz. 
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FIGURE 14. Temperature Reading 
LsyncL | 



ReadL |_ 



Data[0] — Q 
SrClk 

FrClk 



Pr 



The Frequency of FrClk and the number of cycles need to be programmable. Since this 
mode cycles FrClk, the result of fire shift register and select shift register would be 
changed, but in this mode FrClk is disabled to these circuit. So printing can resume 
without reinitialising. 



3.5.5 CMOS Testing 

CMOS testing is a mode meant for chip testing with before MEMS as added to the 
chip. This mode allows the dot shift register to be shifted out on the Data[0-1 ] pins. 
Much like the nozzle test mode, the nozzles are fired while LSyncL is low, but during 
the firing SrClk will be cycle, and the dot shift register will load the signal that 
would fire the nozzle. Once capture, the result can be shifted out. 

FIGURE 15. CMOS Testing 

LsyncL " 



ReadL 



Data 



SrCfklgi 


n 












Pr 


n 




Set up Test 


Dot Load Mode 


CMOS Test Output Mode 



The Dot Load Mode above violates normal printing procedure by firing the nozzles 
(Pr) and modify the dot shift register (SrClk). 
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4.0 Reticle Layout 



To make long chips we need to stitch the CMOS (and MEMS) together by overlapping 
the reticle stepping field. The reticle will contain two areas: 

FIGURE 16. Reticle Layout 




The top edge of Area 2, pad end contains the pads that stitch on bottom edge of Area 1, 
core. Area 1 contains the core array of nozzle logic. The top edge of Area 1 will stitch 
to the bottom edge of itself Finally the bottom edge of Area 2, butt end will stitch to 
the top edge of Area /. The butt end to iised to complete a feedback wiring and seal 
the chip. 

The above region will then be exposed across a wafer bottom to top. Area 2, Area /, 
Area A..., Area 2. Only the pad end of Area 2 needs to fit on the wafer. The final expo- 
sure fo Area 2 only requires the butt end on the wafer. 
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FIGURE 17. Stepper Pattern on Wafer 




4.1 TSMC U-Frame requirements. 

TSMC will be building us tames 10 nun * 0.23 nun which will be placed either side of 
both Area 1 and Area 2. 

TSMC quires 6 mmarea ^^^^^^^^ 
to 3 mm on the reticle, as some recycles are 2x size, wtuie mos 

must be used. 
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1 Introduction 



1.1 Document History 



mm 

1.6 


wmmm 

29 November. 2002 


Simon Walmsley 


Updated CrripA to be ChipR to match proto- 
cols document got rid of 68k reference now 
that we are using LEON. 


1.5 


26 November, 2002 


Simon waimsiey 


Added description of storing more than a sin- 
gle SoPEC.id key In a PRINTER.QA On sec- 
tion 3.5.3 and related). This reduces the cost 
of a multi-SoPEC system with no loss of secu- 
rity 
ruy. 

Also added text to describe mat batch keys 
can be different for each SoPEC if the indirect 
upgrade key protocol is used. 


1.4 


9 September, 2002 


Simon Walmsley 


Added section in requirements detaiflng types 
of attacks we care about and don't care about. 


1.3 


30 August. 2002 


Simon Walmsley 


Changed ComCo_OEM_xxxx variables into 

simply xxxx variables, since that is more 

generic. Added text regarding ink refill. Added 

^ffujAf/ft at rth<*nttr_sition staae to Dfevent 
extra sonware ouificnui#oiiwii »w»yv> »w k* w 

ComCos from fiddling with SoPEC software. 


1.2 


29 August. 2002 


Simon Walmsley 


Added section on how the PRINTER_QA chip 
gets programmed with the SoPEC_id_key. 


1.1 


28 August 2002 


Simon Walmsley 


Updated to have ink and operating parameters 
be authenticated via symmetric key based sig- 
natures based on a unique SoPEC Jd. 

Updated after review. 


1.0 
0.2 draft 

0.1 draft 


27 August, 2002 
26 August, 2002 

26 August 2002 


Simon Walmsley 
Simon Walmsley 

Simon Walmsley 


Changed public-key and private key refer- 
ences to asymmetric & symmetric respec- 
tively, so private can now sub-refer to the 
private key of the asymmetric pair, or the sin- 
gle private symmetric key. Changed OEM Jd 
into ComCo_OEMJicenseJd to more accu- 
rately reflect the scope of the id. 
Initial issue. 



1.2 References 

f 1] Silicon & Software Systems, 4-4-9-4 SoPEC Hardware Design. 

[2] Silverbrook Research, 4-2-1-1 Print Engine Controller Hardware Design. 

[3] Silverbrook Research, 4-3-1-2 QA Chip Technical Reference. 

[4] Silverbrook Research, 4-3-1-8 QA Chip Programmer Requirements. 

[5] Silverbrook Research, 4-3-1-26 Authentication Protocols. 



1.3 Scope 

This document describes the basic security requirements of programs running on the 
SoPEC ASIC [1J. It then describes an implementation solution to the security require- 
ments. 
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ated authentication protocols [5]. 
document. 
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READERSHIP 

This document is written for engme«s ^^-ttpTc^S 
with SoPEC, as well as PCB designers that are .J^^^ may ^ find 
Engines. A similar audience working on PEC and PEC-baseo mm cngm 
document useful. 

This document is also intended to be read by those "spo^efor key management and 
associated database designers with regards to guiding requirements. 
Tnis document is confidential to Silverbrook Research ^ Ltd and^xibution out- 
side this organisation mm be covered by a non-disclosure agreement (NDA). 

OA Chip Terminology 

The Authentication Protocols document [5] refers to QA Chips by their function in partic- 
^Se^ 

. F^gLlesofdaui^ 

ChipS is the QA Chip that signs the upgrade value. 

Any given physical QA Chip will contain functionality mat allows it to operate as an 
entity in some numbeT of these protocols. 

this document, they are referring to logical entities mvoiveu in 
as defined in [5]. 

PHysical QA Chips are referred to by^eir location 
STERNA, and will be on a separate bus to the INK.QA chips. 
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2 Requirements 

2.1 Security 

The basic functional security requirements are: 

. SUverbrookcodeandOEMprogramcodecc-existingsafely 

. Silverbrook operating parameters authentication 
. OEM operating parameters authentication 
- Ink usage authentication 
Each of these is outlined in subsequent sections. 

The authentication requirements imply^at: _ silverbrook program 

. OEMs and end-users must not be able to replace or «n y> 

. — - be able to call unauthorized functions within Silver- 

brookcode replace or tamper with OEM program code or data 

. End-users must no be ab £ ^ ^ ^ toctions ^ OEM program code 

SUverbrook code and OEM program code coexisting, safety 

SoPEC includes a CPU that "^'"^^^^p^^^^^^^silv^nydc^n^rMn^to 
code. The execution model ^ h as controlling the print engine 

forms an operating system (O/S), provioing serv oeram code must run in 

pipeline, interfaces to ^^^^X 's^^V^ code. The OEM 
a form of user mode, ^f^^^l^ZtZo^ O/S, and the O/S 
program code is permitted to obtain services b£ caUmg vm code may 



2.1.1 



activated. 



2.1-2 



A basic requirement then, for SoPEC, is ^^So^^^ot^u, 
verbrook and OEM l^^J^SS^S? servSrely on SoPEC 

^^^^^ 

be restricted to Silverbrook program code only. 
SHverbrook operating parameters authentication 
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program code. 

However, the OEM must b. *m of - ^ " 

upgraded status before selling the Print Engine to the end-user. 

,., OEM oparatln. para.mn.em »"»° n «^ n ta4v- „ of „. sil~ 

The end-us^ shorad ^.^rSES 2S? 5£ £ 
appropriate fee rn rite OEM- Similarly, the end usa _ sn end-mets 

r.u^^S^^ee.raUtedp.riphernls. 

1.1.4 Ink usage authentication t™i™s. model. For example, 

Baoh OEM sens printera -f'^StCT^ same feamrad 

of OEM 2 printers can only use OEM 2 ink. 

It is also ha the Interns. --W^^iSE^^ 

^ri.^S^^ 

Sue ete. 11 is impossible to gutud egeinst suoh an nttaek 

We me teals, .my •^^Z^jStX^SSSX^ 
of printer operating parameter a>«^»° "™ £ra p la<*d by on. that eat be down- 
Jb an anaek is whera the ^^^^^Tth. print angme outside <h. 
lo«ledtommetatra«»»tecl"^^^5.^„by. B wunOEMra 



of the license agreement. 



1. a franking machine prints stamps 
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. „„^„c <ince thev can be transmitted via the inter- 
Software-only attacks are the most dangerous^ince y ^ ^ blematic> 

net and have no perceived cost ^^3£^ ^ * ^ l*^^^^ 11 ^ 
since most printer users are not hkely _to want tn ^ likely to exceed the pnce 

This is even more true if the cost of the physical mooinc 
of a legitemate upgrade. 

rity. 

-> ^ IMPLEMENTATION CONSTRAINTS 

tation constraints. These are: 

. No flash memory inside SoPEC 

. SoPEC must be simple to verify 

. silverbrook program code must be updatcable 

. OEM program code must be updateable 

. Must be bootable from activity on USB or ISI 

. Ho extra pins for ^^^QAC^ in the printer (PRINTER_QA) 
. Cannot trust me comms ch^e »^^ to ^ |AcartridgM (n«.QA) 
• Cannot trust the comms channel to the 
. Cannot trust the ISI comms channel 
These constraints are detailed below. 



2.3.1 



few bits. 

SoPEC must be simple to verify vcrified 
All combinatorial logic and embedded prog^n ^ t -^Sreases verification 
before manufacture. Every increase m complexity in 
effort and increases risk 

It is not possible nor even desirable to wnte a single " 



verified completely (see Section 2.3.1) 
correct for all possible future uses of SoPEC systems 
finished in time for SoPEC manufacture 



Confidential 



November 29. 2002 



7 



SHverbrook Research SoPEC Security Overview . 

Therefore the complete Silverbrook program code must not permanently ™te <m 
SSc 'ft must be possible to update the Silverbrook program code as enhancements to 
functionality are made and bug fixes are applied. 

In the worst case, only new printers would receive the new functionality or bug fix«s Jn 
Se best case, existing SoPEC users can download new embedded code to enable funcnon- 
aL or bug fixes. Ideally, these same users would be obtauung these updates from the 
OEM website or equivalent, and not require any interaction with SilverbrooK. 

2 3 4 OEM program code must be updateable 

Given mat each OEM will be writing specific program code fo, r printers ah* have , not . yet 
been conceived, it is impossible for all OEM program code to be embedded in SoPEC at 
the ASIC manufacture stage. 

Since flash memory is not available (see Section 2.3.1). OEMs cannot store ^P~^ 
cXin on-chip flash. While it is theoretically possible to store OEM prog^ code m 
ROM on SoPEC, this would entail OEM-specific ASICs which would be pmhibidvely 
expensive. Therefore OEM program code cannot permanently reside on SoPEC. 

Since OEM program code must be downloadable for SoPEC to execute it should there- 
fore possibleTupdate the OEM program code as enhancements to functionality are 
made and bug fixes are applied. 

In the worst case, only new printers would receive the new functionality or bug fixes. In 
metesTca?e,^i tingSoPEC users can download new embedded code to enabte toction- 
Sity or bug fixes. Ideally, these same users would be obtammg these updates from the 
OEM website or equivalent, and not require any interaction with Silverbrook. 

2.3.5 Must be bootable from activity on USB or ISI 

SoPEC can be placed in sleep mode to save power when printing is ^^J^,^ * S 
not preyed in sleep mode Therefore any program code and data in RAM will be lost 
Ho wler, SoPEC must be capable of being woken up from the host when ,t ,s ame to print 
again. 

In the case of a single SoPEC system, the host communicates with SoPEC via USB. 

In the case of a multi-SoPEC system, the host typically communicates with the ISI Master 
ch£ (eTthe ISI Master could be SoPEC, and the comms is USB), and can send messages 
to Sher slave SoPECs via the ISI master. The ISI master SoPEC relays these messages to 
the slaves via the ISI. 

Therefore SoPEC must be capable of being woken up by activity on either the USB or on 
the ISI. 

2.3.6 No extra pins to assign IDs to slave SoPECs 

In a single SoPEC system the host only sends data to the single SoPEC. However in a 
LnSEC system, each of the slaves needs to be uniquely identifiable ,n order to be 
able for the host to send data to the correct slave. 

Since there is no flash on board SoPEC (Section 2.3.1) ^ un^le to storey s i ave ro 
(eg 4 bits) in each SoPEC. Moreover, any ROM in each SoPEC will be identical. 
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2.3.7 



2.3.8 



2.3.9 



. . q1 ^ f o A pcr ic to minimize pins for cost reasons, ana tnis is paniwiua* 7 

*«S5 SS iSSaSSSS-. We have 2 pins for inter-SoPEC communice- 
tions, and further pins would add to the cost. 

cannot trust th. comms channel to th. OA Chip in the printer (PR.NTER OA, 

Engine s onboard PR1N »p. possible for an end-user to replace 

rely on the communication channel being secure. It is P°ssioic ii» 
the PRINTER^QA chip or subvert the communications channel. 

Cannot trust the comms channel to the QA Chip In the ink cartridges (INK.QA) 

2 £££ t?- INK.QA being secure. It possible for an 

endS o replace the INK^QA chip or subvert the commumcations channel. 

Cannot trust the ISI comms channel 

. . c „r> cr > cuctprn that has a non-USB connection to 

man-in-the-middle attacks). 
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3 Proposed Solution 

A proposed solution to the requirements of Section 2, can be summarised as: 

• Each SoPEC has a unique id 

• CPU with user/supervisor mode 

• Memory Management Unit 

: EE25£2r---- - - — 

• SoPEC ISI identification 

3 1 EACH SOPEC HAS A UNIQUE ID 

Each SoPEC nee* » conuuns . union. W£W of "j- ' ™ S 

SofEC_ld is used to fonn a symmetric key unique to each SoPEC- SoPEC_tdJ£y- 

The ^ftosriott *mmm Pamm«- an* "^T^^S^ 
> is impotuut, to «o« r a. «« a-J-^JKjSS SSKSSK 

3 2 CPU WITH USER/SUPERVISOR MODE 

SoPEC contains a CPU with ^nS^-tSS^' 
S^^^^S^EST- compatible with the SPARC 
V8 instruction set). 

Silverbrook (operating system) program code will run in supervisor mode, and all OEM 
program code will run in user mode. 

3.3 MEMORY MANAGEMENT UNIT 

SoPEC contains a Memory Manage* -«2S2M 

DRAM by denning read, wnte and '^^JSTSZSL Passion settings, 



1 . On IBM's CU11 process this chipld is 80 bits. 



Confidential 



November 29. 2002 



10 



4-4-1-3 v1.6 

SoPEC Security Overview 

SUvertKOOk R esearch ; : 

mitted. 
DRAM- 

block will determine how the access is restricted. 

^r^sssss a rr ! - - — - — 

dereferencing to be trapped. 

With respect to the DRAM and PHP ^^'^^^ ^ 
read/write/execute mode permissions to be JJSjS,™ code and 0/0/0 elsewhere. By 
for OEM program data, 1/0/1 for reg^sofOEM progmm xode issions for this 

contrast we would typically set ^^^^ "ode in supervisor mode), 
memory to be 1/1/0 (to avoid accidentally executing user 

/ i n should only be accessible in supervisor mode, 

The SoPECJd parameter (see S^^^tTrerion of memory that has no user mode 
and should only be stored and manipulated in a region 



access. 



t a ^PFCIFIC ENTRY POINTS IN O/S 

3.4 SPECIFIC an „„ t even call functions in supervisor code space, 

« — — • ~ 

implementation for this depends on the CPU. 

On the LEON processor, the TRAP instructor ^gJ-^^SSS 
and supervisor mode in a controlled way in code space in supervisor 

sor register sets, and calls ^f^^^J, and then returns to the caller m 
mode. The TRAP handler dispatches the service req , 



user mode. 



updates occur. 

The LEON *, *». m**- -* «* "i t "~ "* ' ^ " ' ^ 
of ways that this functionality can be implemented. 
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3.5 Boot Procedure 

3.5.1 Basic premise 



ating parameters. 

We perform authentication of program code and data using asymmetric cryptography and 
without using a QA Chip. m o „ AM 

Assuming we have already downloaded some dam and a 160-b« signature mto eDRAM, 
S^tToader needs to perform the following tasks: 

^rfiwn. SHA-1 on the downloaded data to calculate a digest localDtgest 

passed to the downloaded data 

probed and the security is compromised 

The procedure requires the following data item: 

. bootOkey = an n-bit asymmetric public key 

The procedure also requires the following two functions: 

? s P Zt a functio^t performs SHA-1 on a range of memory and returns a 160-btt 
. - a function that performs asymmetric decryption of a message using the 

AssCnt^al, of these are available (e.g. in the boot ROM), boot loader 0 can be 
defined as in the following pseudocode: 



boot, loader O ( data , a iff) 

localDigest 4- SHA-1 (data) 
lutnorizeoDigest - decrypt (sig. bootOkey) 

if (localDigest - aut ^ r ^ e ^!!start address// will never to return 
jump to program code at data-starc aau* 



E1S // program code is unauthorized 
Endlf 



from some hacker in Norway). 
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• 2048-bit key is re.nate.lto match tire 160-bit symmedic-tay security 
Tkcce is .so oo advance to -J. -JfJ^ J S^-JE^SS 

r MFC « hum* <« keeping the asymmetric private key 
Therefore the entire security of SoPEC is bast* on y & ,/ je pro - 

bootQkey secure. 



ify and characterize. 

3.5.2 



Hierarchies off authentication c, verbrook o/S code needs to be 

Given that test programs, evaluation programs, ana auvw " teste4 

it is not secure to 

written and tested, and OEM program code J-J*^ Q/s . n0n . O /S, 

have a single authentication of a » on ^™ OEM^gning Silverbrook program 

BESSS^* =ed ^ A-BB of ° EM Pr08ram 

code. 

code contains the key fot authenticating tic next 

^.^^t^e^rf-^-^^-'^''"^ 

etc. customizing the Print Engme^agi t tQ ^ ^ 

. OEM. a company that uses a ™*^J°J^ Xo £, user interface, and casing, 
end-users. The OEM would supply the motor control logic, 

The levels ofauthenncanonhieramhy are as follows: 

. SoPECCo generates ^rT^^^S^l^^ ^oPECCo 
the print engine functionahty) and the Com C °*J^™ okey Ly. The print engine 
SSrS SSSiSSSlU Signed hy the ComCo, 

is an operating parameter block fo. r a i given OEM s pnn ^ ^ c private 

the print engine license arrangement ,«gA wi* ^ ^ 
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crate as many of these operating parameter blocks for any n*n£r of Pnnt Engme 

Licenses, but cannot write or sign any supervisor O/S program code 
. The OEM would generate datasetS, consisting of datasetS plus ^ase^ ^ 
£ OEM program code signed with the ^^^^Z 5 

The OEM can produce as many versions of datasetS as it likes (e.g. for testing pur 

poses or for updates to drivers etc) 
The relationship is shown below in Figure I. 



datasetS 
(suppHed to 
end-user) 




Figure 1. Relationship between the datasets 

( SoPEC boot rom \ 

I fincfcides bootOkey public key) 1 



vaBdatton via bootOkey 



datasetl: operating system 
(includes ComCo public key) 



validation via Com Co key 



datas»t2: operating parms 

(includes OEM public key) 



validation via OHM key 



4ataset4: OEM program code 



Figure 2. Validation hierarchy 
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■ a itmmnmmiQes all subsequent authorizations down the hierarchy. 

private key is compromised, then the : OEM .program con require a 

promise of fcoo.OJfcev compromises everything up to fcori*. useii, 
mask ROM change in SoPEC to fix. 

private key paired to bootOkey secure. 
53 Authenticating operating parameters 

and OEM operating parameters Both sets .« °Pf™J allows thc pri nter to 

ment of host O/S drivers etc. 

rv. pptktfr OA memory vector Mo contains the upgradable operating parameters, and 
^LTe^ M;""^ any coltant (non-upgradable) operating parameters. 

Considering only Silverbrook operating parameters for the moment, there are actually two 

Pr0blCinS a. setting and storing the Silverbrook operating parameters, which should be 
authorized only by Silverbrook 
b ^Tme paLeters into SoPEC. which is an issueof 
medafa on die PRINTER_QA chip since we don't trust PPJNTER_QA. 

The PRINTER OA chip therefore contains the following symmetric keys: 

The PRINTER^* P Cs for a ^ven 

• Ko-^i^^^^^^^^ ^ a silverbrook ComCo. Ko has 
r «^ppr irf tev This key is unique for each SoPEC (see Section 3.1), and is 

Ko r^to solve problem (a). It is only used to ^^^^^ 
ing as the ChipS. 

ded supervisor software on SoPEC acting as ChipT. ^^XTnumber This creates the 
requires the use of a 160-bit nonce which is a P^andom numbe^ 
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Note «. .be ^ «* ^ — — *- ™2^tS5S- 
Silver*™*-, key K,. Tbis me** « pr^ely ~ ?, m(lst te do * 

part of Mo- 

to this w.y, K, neve, »ee4e .0 be taowa by „yo»e «cep. to SoPEC »o PRJNTER.QA. 
extra keys (multiple SoPEC Jdjceys) to a single PRINTER_QA. 

However, if ink usage is not being validated (e.g. if print ^J^J^^SjS 

print will terminate. 
3 5 3 1 OEM assembly-line test 

stored in the PRINTER_QA as described in Section 3.5.3. 

However, although an OEM shouU, ^2^^ 
a given Print Engine, they must be able to assembly-line «* ™» ram «igm 
Cerent set of operating parameters i.e. a maximally upgraded Print Engine. 

would be performed- 
AtnrstthoughUtn*^^ 

PRINTER_QA containing upgraded P™*^™**** P ££SLqa mus contain 
SoPEC to accept the parameters as true the sys tem under 

brook machine (e.g. over a net). Neither approaches are good. 
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■ , ^.ct.r printer OA for testing, then we must make use of special 
If there is no special master ™^^QA fox ^ m ^ depend OQ the 

test programs, or storage on the PRIN i uk_^a, 

test requirements of the OEM. 

would not want the OEM to have such a program. 

Lik ewise,ifatest program only prin^ ff^^t^^ 
not only does this change the ^^Jg^S^Si test images. This may 
before printing) but a service must be ^de availab e to s,gp sp test image is 

Ml upsraft capability, exce,. «* « *" »»' '"tf'SSm. will P™*"* » 

gets out into the public, the user can only print blank pages. 

If the OEM requires tests that actually prints dots, there are several possibilities: 

OEM test patterns cannot be printed. 

PRINTER.QA customization may only need to be I or z. 

printed at full upgrade capability, and power must stay on while doing so 

-\ «; A Use of a PrintEngineLicense id 

SUverbrookO/Spro^de^ 

the subsequent OEM program ^^^J^S^^rf* for differCnt ° EM ' S 
SoPEC only contains a smgle root key. f JVjSj^Vprinier drivw for OEM, run 
applications to be run identically physical Print Engines i.e. pnn 
on an identically physical Print Engine from OEM 2 . 

PMEwtneUnnseJi cod. (•*>««■>' M,!>. As wi<h all other operaSng 
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same time as the other various PRINTER.QA customization* are being applied, before 
being shipped to the OEM site. 

IQ this way. the OEMs ean be sure of differentiating themselves through software func- 
tionality. 

tication makes use of counters in SoPEC that Keep an acc 
of dots printed for each ink. 

Omer <lau stored on me INK^QAcnipinciuas OEMJd, inkType. 

be stored in M 1+ within INK_QA. 

.. „ „,„„.,.-. validated by means of PRINTER_Q A, a 
Just as the Print Engine operating P™ rt ^^ fanction with specifically licensed 
given Print Engine license may on* he P—-^*^" set ^nk types, color,. 

fNK_QA. 

« - _ t v« ttsjic OA, both in terms of ink parame- 
SoPEC must be able to authenticate reads from the IN^a. 00 

ters as well as ink remaining. 

To authenticate ink a number of steps must be taken: 

• restrict access to dot counts jodtmttr OA 

. authenticate ink usage and ink parameters via ^^^^ 
. broadcast ink dot usage to all SoPECs in a multi-SoPEC system 

3.5.5.1 restrict access to dot counts sec tion of SoPEC, access to these 

Since the dot counts are ^..^^^^y available from supervisor 
^ i^K^^KM Otherwise it might be possible for 
£m 2£22£« couml before authentication has occurred. 

,5.5, a 0 »e„«ca^^^ 

The basic problem of authentication of ink remaining and other ink 6X* .*> ^ 
problem mat we don't trust I^QA- Therefore hov, can aSoPEC *n ^ ^ ^ 
of ink (or the ink parameters), and how can a SoPEC know 
INK.QA, the count has been correctly decremented 

INK.QA. 

We cannot write the SoPECJd.key to the NLQ A for two reasons: _ 
. . updating keys is not power-safe (i.e. if power is removed m,d-update. the INK_QA 
could be rendered useless) 
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. u* cm* wo«,d t. m wo* t5SfKTl! 

not know the old SoPEC Jdjcey (knowledge of the old Key is requi 
change the old key to a new one). 
The proposed solution is to let INK.QA have two keys: 

nftrmissions to the ink remaining regions of Mo on ink^a. 

SSSS*^ - PRINTER_QA). K, ao w*e 
permissions to anything. 

(e.g. in K 2 ), also with no write permissions. 

This means there are two shared keys, with PRINTER_QA sharing both, and thereby act- 
ing as a bridge between INK.Q A and SoPEC. 

. UseInkLicense_key is shared between r^.QA and PWNTE^QA 

• SoPEC Jd.key is shared between SoPEC and PRINTER.QA 

Ail SoPEC has to do is do an authenticated read [5] from INK.QA, pass the 

^TtSKSS^^ ** SoPEC >> the signatures match - ^ 

from INK_QA must be valid, and can therefore be trusted. 

Once the data from INK.QA is known to b.«££ ^^0^7^. 
checked, and the other ink licensing parameters such 
InkUsageLicenseJd can be checked for validity. 

The actual steps of read authentication as performed by SoPEC are: 



— _ I „ simple constats to specify «McK Key Co use when si S nin 9 
KEY2 1-2 

SIGsopec «~ HMAC_SHA_1 (RpRlOTBB I *SOPKC I "m 1 
If <(SIG PRIwrEB I = 0) AND (SIGp,™ = SIG soreC )) 

'i, r*?i=£i. — - — — ■ - « — 

If <M INK -inkRe**ininc, = expectedlnkRemaining) 

// all is ok 
Else 
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// the ink value is not what we wrote, so don't print anything anymore 

Endl f 
Else 

// the data read from INK_QA is not valid and cannot be trusted 
Endlf 



Strictly speaking, we don't need a nonce (Rsopec) all the time because M A (containing 
the ink remaining) should be decrementing between authentications. However we do need 
one to retrieve the initial amount of ink and the other ink parameters (at power up). This is 
why taking a random number from the WatchDogTimer at the receipt of the first page is 
acceptable. 

In summary, the SoPEC performs the non-authenticated write [5] of ink re ™^ to 
INK OA chip, and then performs an authenticated read of the data via the PRINTER_QA 
as pe"r the pseudocode above. If the value is authenticated, md the INK.QA ink-remain- 
ing value matches the expected value, the count was correctly decremented and the print- 
ing can continue. 

3.5.5.3 broadcast ink dot usage to all SoPECs in a multi-SoPEC system 

In a multi-SoPEC system, each SoPEC attached to a printhead (4 at most) must broadcast 
its ink usage to all the SoPECs. In this way, each SoPEC will have its own version of the 
expected ink usage. 

In the case of a man-in-the-middle attack, at worst the count in a given SoPEC is only its 
own count (i.e. all broadcasts are turned into 0 ink usage by the man-m-the-middle). 

A single SoPEC performs the update of ink remaining to the INK_QA chip, and then all 
SoPECs perform an authenticated read of the data via the appropriate PRJNTER_QA (the 
PRINTER OA that contains their matching SoPEC Jdjcey - remember that multiple 
SoPEC_id_keys can be stored in a single PRINTER_QA). If the value is authenftcated, 
and the INK.QA value matches the expected value, the count was correctly decremented 
and the printing can continue. 

If any of the broadcasts are not received, or have been tampered with, the updated ink 
counts will not match. The only case this does not cater for is if each SoPEC is tricked (via 
an ISI man-in-the-middle attack), into a total that is the same, yet not the true total. Apart 
from the fact that this is not viable for general pages, at worst this is the maximum amount 
of ink printed by a single SoPEC. We don't care about protecting against this case. 

Since there will be at most 4 printing SoPEC, it requires at most 4 authenticated reads. 
This should be completed within 0.5 seconds - well within the 2 seconds/page print time. 



3.5.6 Example hierarchy 

The exact breakdown of hierarchy will depend on a later investigation, but for the pur- 
poses of scoping out possibilities, it is worthwhile considering an example hierarchy for 
illustrative purposes. 
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Adding an extra bootloader step to the example from Section 3.5.2, we can break up the 
contents of program space into logical sections, as shown in Table 1 . Note that the ComCo 
does not provide any program code, merely operating parameters that is used by the O/S. 



Table 1. Sections of Program Space 





1 






0 

(ROM) 






boot loader 0 
SHA-1 function 
asymmetric decrypt function 
bootOkey 


section 1 via bootOkey 


1 


boot loader 1 
SoP£C_OS_public_key 


section 2 via SoPEC_OS_public_key 


2 


Silverbrook O/S program code 
function to generate 
SoPEC Jd_key from SoPECJd 
Basic Print Engine 
ComCo_puWic_key 


section 3 via ComCo_public_key 

section 4 via OEM_public_key (supplied in sec- 
tion 3) 

PRINTER_QA data, which includes the 
PrintEngineLicense^id, Silverbrook operating 
parameters, and OEM operating parameters (all 
authenticated via SoPEC__id_key) 


3 


ComCo license agreement operat- 
ing parameter ranges, including 
PrintEngineUcenseJd (gets 
loaded into supervisor mode sec- 
tion of memory) 

OEM_public_key (gets loaded into 
supervisor mode section of mem- 
ory) 

Any ComCo written user-mode 
program code (gets loaded into 
mode mode section of memory) 


Is used by section 2 to verify section 4 and 
range of parameters as found in PRINTER_QA 


4 


OEM specific program code 


OEM operating parameters via caJIs to Silver- 
brook O/S code 



The verification procedures will be required each time the CPU is woken up, since the 
RAM is not preserved. - 



3.5.7 What If the CPU is not fast enough? 

In the example of Section 3.5.6, every time the CPU is woken up to print a document it 
needs to perform: 

• SHA-1 on all program code and program data 

• 4 sets of asymmetric decryption to load the program code and data 

• I HMAC-SHA1 generation per 512-bits of Silverbrook and OEM printer and ink oper- 
ating parameters 

Although the SHA-1 and HMAC process will be fast enough on the embedded CPU (the 
program code will be executing from ROM), it may be that the asymmetric decryption 
will be slow. And this becomes more likely with each extra level of authentication. If this 
is the case (as is likely), hardware acceleration is required. 

A cheap form of hardware acceleration takes advantage of the fact that in most cases the 
same program is loaded each time, with the first time likely to be at power-up. The hard- 
ware acceleration is simply data storage for the authorizedDigest which means that the 
boot procedure now is: 
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• lowCPTJ_boot loader 0 (data, slg) 

localDigest <- SHA-l(data) 

If (local Digest = previouslyStoredAuthorizedDigest ) 

jump to program code at data-start address// will never to return 
Else 

authorizedDigest <- decrypt (sig, bootOkey) 

If (localDigest « authorizedDigest) 

previouslyStoredAuthorizedDigest «- authorizedDigest 

jump to program code at data -start address// will never to return 

Else 

// program code is unauthorized 
Endif 



This procedure means that a reboot of the same authorized program code will only require 
SHA-1 processing. At power-up, or if new program code is loaded (e.g. an upgrade of a 
driver over the internet), then the full authorization via asymmetric decryption takes place. 
This is because the stored digest will not match at power-up and whenever a new program 
is loaded. 

The question is how much preserved space is required. 

Each digest requires 160 bits (20 bytes), and this is constant regardless of the asymmetric 
encryption scheme or the key length. While it is possible to reduce this number of bits, 
thereby sacrificing security, the cost is small enough to warrant keeping the full digest. 

However each level of boot loader requires its own digest to be preserved. This gives a 
maximum of 20 bytes per loader. Digests for operating parameters and ink levels may also 
be preserved in the same way, although these authentications should be fast enough not to 
require cached storage. 

Assuming SoPEC provides for 12 digests (to be generous), this is a total of 240 bytes. 
These 240 bytes could easily be stored as 60 x 32-bit registers, or probably more conven- 
iently as a small amount of RAM (eg 0.25 - 1 Kbyte). Providing something like 1 Kbyte of 
RAM has the advantage of allowing the CPU to store other useful data, although this is not 
a requirement. 

In general, it is useful for the boot ROM to know whether it is being started up due to 
power-on reset or activity on the USB/IS I. In the former case, it can ignore the previously 
stored values (either 0 for registers or garbage for RAM). In the latter case, it can use the 
previously stored values. Even without this, a startup value of 0 (or garbage) means the 
digest won't match and therefore the authentication will occur implictly. 

3.6 SOPEC ISI IDENTIFICATION 

At power-up, the host can send targeted data to the USB-connected SoPEC, but can only 
send broadcasts to all of the slave SoPECs via the USB-connected SoPECs ISI. 

Each slave SoPEC will verify the broadcast message received over the ISI, and if it is 
valid, will execute it Several levels of authorization may occur. However, at some stage, 
this common program code (broadcast to all of the slave SoPECs and signed by the appro- 
priate asymmetric private key) will, among other things, set the slave SoPECs ISI id If 
there is only 1 slave, the id is given, but if there is more than 1 slave, the id must be deter- 
mined in some fashion. 
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On a particular physical arrangement of SoPECs each slave SoPEC will have a different 
set of connections on GPIOs. For example, one SoPEC maybe in charge of motor control, 
while another may be driving the LEDs etc. The unused GPIO pins (not necessarily the 
same on each SoPEC) can be set as inputs and then tied to 0 or L As long as the connec- 
tion settings are mutually exclusive, program code can determine which is which, and the 
id appropriately set. 

In some multi-SoPEC systems, a given SoPEC will only be attached to a single printhead 
(left or right). We can conveniently use the second printhead connection pins (temperature 
and test) to form an I SI id 

This scheme of slave SoPEC identification does not introduce a security breach. If an 
attacker rewires the pinouts to confuse identification, at best it will simply cause strange 
printouts (e.g. swapping of printout data) to occur, while at worst the Print Engine will 
simply not function. 

Note that some physical setting (e.g. pins) on each of the multiple SoPECs is required - the 
settings just need to be mutually exclusive. Although it is possible for all the SoPECs to 
come to a logical ISI id assignment (e.g. by using ethernet-like protocols), the ISI id needs 
to be very much ^physical identity scheme. This is because these SoPECs are not simply 
logical processors - we want the correct portion of the page to be printed on the correct 
physical location, motor controls will be physically connected to a specific physical 
SoPEC etc. 

3.7 Setting up OA Chip keys 

In use, each INK_QA chip needs the following keys: 

• Kq = SitpplylnkLicenseJcey 

• Kj = UselnkLicenseJcey 

Each PRINTER_QA chip tied to a specific SoPEC requires the following keys: 

• K<) = PrintEngineLicenseJcey 

• Kj= SoPEC Jdjkey 

• K 2 = UseInkLicense_key 

Note that there may be more than one K t depending on the number of PRINTER_QA 
chips and SoPECs in a system. These keys need to be appropriately set up in the QA Chips 
before they will function correctly together. 

3.7.1 Original QA Chips as received by a ComCo 

When original QA Chips are shipped from QACo to a specific ComCo their keys are as 
follows: 

• Ko = QACo_ComCo_KeyO 

• K x =QACojComCo_Keyl 

• K 2 = QACojComCo_Key2 

• K 3 = QACo_ComCo_Key3 

All 4 keys are only known to QACo. Note that these keys are different for each QA Chip. 

3.7.2 Steps at the ComCo 

The ComCo is responsible for making Print Engines out of Memjet printheads, QA Chips, 
PECs or SoPECs, PCBs etc. 
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In addition, the ComCo must customize the INK.QA chips and PRINTER_QA chip 
on-board the print engine before shipping to the OEM. 

There are two stages: 

• replacing the keys in QA Chips with specific keys for the application (i.e. INK_QA 
and PRINTER^QA) 

• setting operating parameters as per the license with the OEM 

3.7.Z1 Replacing keys 

The ComCo is issued QID hardware [4] by QACo that allows prograrriming of the various 
keys (except for K|) in a given QA Chip to the final values, following the standard 
ChipF/ChipP replace key (indirect version) protocol [5]. The indirect version of the proto- 
col allows each QA CojComCo_Key to be different for each SoPEC. 

In the case of programming of PRINTER^Q A's Kj to be SoPEC Lid Joey, there is the addi- 
tional step of transferring an asymmetrically encrypted SoPECJdJcey (by the public-key) 
along with the nonce (Rp) used in the replace key protocol to the device that is functioning 
as a ChipF. The ChipF must decrypt the SoPECJdJcey so it can generate the standard 
replace key message for PRINTER„QA (functioning as a ChipP in the ChipF/ChipP pro- 
tocol). The asymmetric key pair held in the ChipF equivalent-should be unique to a 
ComCo (but still known only by QACo) to prevent damage in the case of a compromise. 

Note that the various keys installed in the QA Chips (both INKJJA and PRJNTER_QA) 
are only known to the QACo. .The OEM only uses QIDs and QACo supplied ChipFs. The 
replace key protocol [5] allows the programming to occur without compromising the old 
or new key. 

3. 7. 2. 2 Setting operating parameters 

There are two sets of operating parameters stored in PRINTER_QA and INK_QA: 

• fixed 

• upgradable 

The fixed operating parameters can be written to by means of a non-authenticated writes 
[5] to M 1+ via a QID [4], and permission bits set such that they are ReadOnly. 

The upgradable operating parameters can only be written to after the QA Chips have been 
programmed with the correct keys as per Section 3.7.2.1. Once they contain the correct 
keys they can be programmed with appropriate operating parameters by means of a QID 
and an appropriate ChipS {containing matching keys). 
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3 Introduction 

This document describes the SoPEC ASIC (Small office home office Print Engine Controller) suitable for 
use in price sensitive SoHo printer products. The SoPEC ASIC is intended to be a low cost solution for bi- 
lithic printhead control, replacing the multichip solutions in larger more professional systems with a single 
chip. The increased cost competitiveness is achieved by integrating several systems such as a modified 
PEC1 [1] printing pipeline, CPU control system, peripherals and memory sub-system onto one SoC ASIC, 
reducing component count and simplifying board design. 

This section will give a general introduction to Memjet printing systems, introduce the components that 
make a bi-lithic printhead system, describe possible system architectures and show how several SoPECs 
can be used to achieve A3 and A4 duplex printing. The section "SoPEC ASIC" describes the SoC SoPEC 
ASIC, with subsections describing the CPU, DRAM and Print Engine Pipeline subsystems. Each section 
gives a detailed description of the blocks used and their operation within the overall print system. The final 
section describes the bi-lithic printhead construction and associated implications to the system due to its 
makeup. 

Some sections of this document were derived from the Print Engine Controller Hardware Design Specifi- 
cation 1 ] written by Sil verbrook Research. 
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4 Nomenclature 



4.1 Bl-LJTHIC PRINTHEAD NOTATION 



4.2 



A bi-lithic based printhead is constructed from 2 printhead ICs of varying sizes. The notation M:N is used 
to express the size relationship of each IC, where M specifies one printhead IC in inches and N specifies 
the remaining printhead IC in inches. 

Section 35 Memjet Printhead contains a description of the bi-lithic printhead and related terminology. 



Definitions 

The following terms 
Bi-lithic printhead 
CPU 

ISI-Bridge chip 



ISIMaster 

ISISIave 

LEON 

LineSyncMaster 

Multi-SoPEC 

Netpage 

PEC1 

Printhead IC 
PrintM aster 

QA Chip 
Storage SoPEC 
Tag 



are used throughout this specification: 
Refers to printhead constructed from 2 printhead ICs 
Refers to CPU core, caching system and MMU. 

A device with a high speed interface (such as USB2.0, Ethernet or IEEE 1394) and 
one or more ISI interfaces. The ISI-Bridge would be the ISIMaster for each of the 
ISI buses it interfaces to. 

The ISIMaster is the only device allowed to initiate communication on the Inter 
Sopec Interface (ISI) bus. The ISIMaster interfaces directly with the host. 

Multi-SoPEC systems will contain one or more ISISIave SoPECs connected to the 
ISI bus. ISISlaves can only respond to communication initiated by the ISIMaster. 
Refers to the LEON CPU core. 

The LineSyncMaster device generates the line synchronisation pulse that all 
SoPECs in the system must synchronise their line outputs to. 

Refers to SoPEC based print system with multiple SoPEC devices 

Refers to page printed with tags (normally in infrared ink). 

Refers to Print Engine Controller version 1, precursor to SoPEC used to control 
printheads constructed from multiple angled printhead segments. 

Single MEMS IC used to construct bi-lithic printhead 

The PrintMaster device is responsible for coordinating all aspects of the print 
operation. There may only be one PrintMaster in a system. 

Quality Assurance Chip 

An ISISIave SoPEC used as a DRAM store and which does not print. 

Refers to pattern which encodes information about its position and orientation which 
allow it to be optically located and its data contents read. 



4.3 



Acronym and Abbreviations 

The following acronyms and abbreviations are used in this specification 
CFU Contone FIFO Unit 

CPU Central Processing Unit 

DIU DRAM Interface Unit 
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DNC 


Dead Nozzle Coirmensator 


DRAM 


Dynamic Random Access Memory 


DWU 


DotLine Writer Unit 


GPIO 


General Purpose Input Output 


HCU 


Halftoner Compositor Unit 


ICU 


Interrupt Controller Unit 


IS! 


Inter SoPEC Interface 


LDB 


Lossless Bi -level Decoder 


LLU 


Line Loader Unit 


LSS 


Low Sneed Serial intprfaf a 


MEMS 


K4l CTTi PI <*/*trf> \/ff»r)l antral Qxrc+£*r^» 

ivii^iv iwivuuu lvicuiiaiijC'di oysxem 


MMU 




PCU 


SoPEC Controller Unit 


PHI 


Print HpaH rnfprfarp 


PSS 


rowcr odve oiorage unil 


RDU 


tveaj-iimc ueoug unit 


ROM 


Read Only Memory 




Serial Communication Block 


SFU 


Spot FIFO Unit 


SMG4 


Silverbrook Modified Group 4. 


SoPEC 


Small office home office Print Engine Controller 


SRAM 


Static Random Access Memory 


TE 


Tag Encoder 


TFU 


Tag FIFO Unit 


TIM 


Timers Unit 


USB 


Universal Serial Bus 



4.4 Pseudocode notation 

In general the pseudocode examples use C like statements with some exceptions. 
Symbol and naming convections used for pseudocode. 
Comment 
Assignment 

Operator equal, not equal, less than, greater than 
Operator addition, subtraction, multiply, divide, modulus 

Bitwise AND, bitwise OR, bitwise exclusive OR, left shift, right shift, complement 
Logical AND, Logical OR, Logical inversion 
Array/vector specifier 



II 

=,!=.<> 

&,IA<<,»,~ 

AND,OR,NOT 
[XX:YY] 
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{a, b, c) Concatenation operation 

++, - Increment and decrement 

4.4.1 Register and signal naming conventions 

In general register naming uses the C style conventions with capitalization to denote word delimiters. Sig- 
nals use RTL style notation where underscore denote word delimiters. There is a direct translation between 
both convention. For example the CmdSourceFifo register is equivalent to cmd_sourcejifo signal. 

4.5 State machine notation 

State machines should be described using the pseudocode notation outlined above. State machine descrip- 
tions use the convention of ujidsiliiifi to indicate the cause of a transition from one state to another and 
plain text (no underline) to indicate the effect of the transition i.e. signal transitions which occur when the 
new state is entered 

A sample state machine is shown in Figure 1 . 

resst — 0 1 prst n~=0 
cdu_dJU_rreq « o 
iGnore_<Jata * 0 



cdu_<tfu_rreq = 1 



Q Reset ^4 



OQ==0 
cdu_diu_rreq 1 
ignore_data = 0 



< ™* ) 



00^ 1 ft 

done banded 
cdu_diu_rreq «* 0 
tgnore_data = 0 



Figure 1. Example State machine notation 
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5 Printing Considerations 

A bi-lithic printhead produces 1600 dpi bi-level dots. On low-diffusion paper, each ejected drop forms a 
22.5um diameter dot. Dots are easily produced in isolation, allowing dispersed-dot dithering to be 
exploited to its fullest. Since the bi-lithic printhead is the width of the page and operates with a constant 
paper velocity, color planes are printed in perfect registration, allowing ideal dot-on-dot printing. Dot-on- 
dot printing minimizes 'muddying' of midtones caused by inter-color bleed. 

A page layout may contain a mixture of images, graphics and text. Continuous-tone (contone) images and 
graphics are reproduced using a stochastic dispersed-dot dither. Unlike a clustered-dot (or amplitude- mod- 
ulated) dither, a dispersed-dot (or frequency-modulated) dither reproduces high spatial frequencies (i.e. 
image detail) almost to the limits of the dot resolution, while simultaneously reproducing lower spatial fre- 
quencies to their full color depth, when spatially integrated by the eye. A stochastic dither matrix is care- 
fully designed to be free of objectionable low- frequency patterns when tiled across the image. As such its 
size typically exceeds the minimum size required to support a particular number of intensity levels (e.g. 
\6xl6x 8 bits for 257 intensity levels). 

Human contrast sensitivity peaks at a spatial frequency of about 3 cycles per degree of visual field and 
then falls off logarithmically, decreasing by a factor of 100 beyond about 40 cycles per degree and becom- 
ing immeasurable beyond 60 cycles per degree [21][22]. At a normal viewing distance of 12 inches (about 
300mm), this translates roughly to 200-300 cycles per inch (cpi) on the printed page, or 400-600 samples 
per inch according to Nyquist's theorem. 

In practice, contone resolution above about 300 ppi is of limited utility outside special applications such as 
medical imaging. Offset printing of magazines, for example, uses contone resolutions in the range 150 to 
300 ppi. Higher resolutions contribute slightly to color error through the dither, 

Black text and graphics are reproduced directly using bi-level black dots, and are therefore not anti-aliased 
(i.e. low-pass filtered) before being printed. Text should therefore be supersampled beyond the perceptual 
limits discussed above, to produce smoother edges when spatially integrated by the eye. Text resolution up 
to about 1200 dpi continues to contribute to perceived text sharpness (assuming low-diffusion paper, of 
course). 

A Netpage printer, for example, may use a contone resolution of 267 ppi (i.e. 1600 dpi / 6), and a black 
text and graphics resolution of 800 dpi. A high end office or departmental printer may use a contone reso- 
lution of 320 ppi (1600 dpi / 5) and a black text and graphics resolution of 1600 dpi. Both formats are 
capable of exceeding the quality of commercial (offset) printing and photographic reproduction. 
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6 Document Data Flow 



6.1 Considerations 

Because of the page-width nature of the hi-Iithic printhead, each page must be printed at a constant speed 
to avoid creating visible artifacts. This means that the printing speed can't be varied to match the input 
data rate. Document rasterization and document printing are therefore decoupled to ensure the printhead 
has a constant supply of data. A page is never printed until it is fully rasterizecL This can be achieved by 
storing a compressed version of each rasterized page image in memory. 

This decoupling also allows the RIP(s) to run ahead of the printer when rasterizing simple pages, buying 
time to rasterize more complex pages. 

Because contone color images are reproduced by stochastic dithering, but black text and line graphics are 
reproduced directly using dots, the compressed page image format contains a separate foreground bi-level 
black layer and background contone color layen The black layer is composited over the contone layer after 
the contone layer is dithered (although the contone layer has an optional black component). A final layer 
of Netpage tags (in infrared or black ink) is optionally added to the page for printout. 

Figure 2 shows the flow of a document from computer system to printed page. 




Figure 2. Document data flow 
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At 267 ppi for example, a A4 page (8.26 inches x 11.7 inches) of contone CMYK data has a size of 
263MB. At 320 ppi, an A4 page of contone data has a size of 37.8MB. Using lossy contone compression 
algorithms such as JPEG [23], contone images compress with a ratio up to 10:1 without noticeable loss of 
quality, giving compressed page sizes of 2.63MB at 267 ppi and 3.78 MB at 320 ppi. 

At 800 dpi, a A4 page of bi-level data has a size of 7.4MB. At 1600 dpi, a Letter page of bi-level data has 
a size of 29.5 MB. Coherent data such as text compresses very well. Using lossless bi-level compression 
| algorithms such as SMG4 fax as discussed in Section 8.1.2.3.1, ten-point plain text compresses with a 

ratio of about 50: 1 . Lossless bi-level compression across an average page is about 20: 1 with 1 0: 1 possible 
for pages which compress poorly. The requirement for SoPEC is to be able to print text at 10:1 compres- 
sion. Assuming 10:1 compression gives compressed page sizes of 0.74 MB at 800 dpi, and 2.95 MB at 
1600 dpi. 

Once dithered, a page of CMYK contone image data consists of 1 16MB of bi-level data. Using lossless bi- 
level compression algorithms on this data is pointless precisely because the optimal dither is stochastic - 
i.e. since it introduces hard-to-compress disorder. 

Netpage tag data is optionally supplied with the page image. Rather than storing a compressed bi-level 
data layer for the Netpage tags, the tag data is stored in its raw form. Each tag is supplied up to 1 20 bits of 
raw variable data (combined with up to 56 bits of raw fixed data) and covers up to a 6mm x 6mm area (at 
1600 dpi). The absolute maximum number of tags on a A4 page is 15,540 when the tag is only 2mm x 
2mm (each tag is 126 dots x 126 dots, for a total coverage of 148 tags x 105 tags). 15,540 tags of 128 bits 
per tag gives a compressed tag page size of 0.24 MB. 

The multi-layer compressed page image format therefore exploits the relative strengths of lossy JPEG con- 
tone image compression, lossless bi-level text compression, and tag encoding. The format is compact 
enough to be storage-efficient, and simple enough to allow straightforward real-time expansion during 
printing. 

Since text and images normally don't overlap, the normal worst-case page image size is image only, while 
the normal best-case page image size is text only. The addition of worst case Netpage tags adds 0.24MB to 
the page image size. The worst-case page image size is text over image plus tags. The average page size 
assumes a quarter of an average page contains images. Table 1 shows data sizes for compressed Letter 
page for these different options. 



Table 1 . Data sizes for A4 page (8.26 Inches x 1 1.7 Inches) 









Image onty (contone), 10:1 compression 


2.63 MB 


3.76 MB 


Text only (bi-level), 10:1 compression 


0.74 MB 


2.95 MB 


Netpage tags. 1600 dpi 


0.24 MB 


0.24 MB 


Worst case (text + image + tags) 


3.61 MB 


6.67 MB 


Average (text + 25% image + tags) 


1.64 MB 


4.25 MB 



6.2 Document Data Flow 

The Host PC rasterizes and compresses the incoming document on a page by page basis. The page is 
restructured into bands with one or more bands used to construct a page. The compressed data is then 
transferred to the SoPEC device via the USB link. A complete band is stored in SoPEC embedded mem- 
ory. Once the band transfer is complete the SoPEC device reads the compressed data, expands the band, 
normalizes contone, bi-level and tag data to 1600 dpi and transfers the resultant calculated dots to the bi- 
lithic printhead. 

The document data flow is 
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• The RIP software rasterizes each page description and compress the rasterized page image. 

• The infrared layer of the printed page optionally contains encoded Netpage [5] tags at a programmable 
density. 

• The compressed page image is transferred to the SoPEC device via the USB normally on a band by 
band basis. 

• The print engine takes the compressed page image and starts the page expansion. 

• The first stage page expansion consists of 3 operations performed in parallel 

• expansion of the JPEG-compressed contone layer 

• expansion of the SMG4 fax compressed bi-level layer 

• encoding and rendering of the bi-level tag data 

• The second stage dithers the contone layer using a programmable dither matrix, producing up to four 
bi-level layers at full-resolution. 

• The second stage then composites the bi-level tag data layer, the bi-level SMG4 fax de-compressed 
layer and up to four bi-level JPEG de-compressed layers into the full-resolution page image. 

• A fixative layer is also generated as required. 

• The last stage formats and prints the bi-level data through the bi-lithic printhead via the printhead inter- 
face. 

The SoPEC device can print a full resolution page with 6 color planes. Each of the color planes can be 
| generated from compressed data through any channel (either JPEG compressed, bi-level SMG4 fax com- 

pressed, tag data generated, or fixative channel created) with a maximum number of 6 data channels from 
page RIP to bi-lithic printhead color planes. 

The mapping of data channels to color planes is programmable, this allows for multiple color planes in the 
printhead to map to the same data channel to provide for redundancy in the printhead to assist dead nozzle 
compensation. 

Also a data channel could be used to gate data from another data channel. For example in stencil mode, 
| data from the bilevel data channel at 1600 dpi can be used to filter the contone data channel at 320 dpi, giv- 

ing the effect of 1 600 dpi contone image. 

6.3 Page considerations due to SoPEC 

The SoPEC device typically stores a complete page of document data on chip. The amount of storage 
available for compressed pages is limited to 2Mbytes, imposing a fixed maximum on compressed page 
size. A comparison of the compressed image sizes in Table 1 indicates that SoPEC would not be capable 
| of printing worst case pages unless they are split into bands and printing commences before all the bands 

for the page have been downloaded. The page sizes in the table are shown for comparison purposes and 
would be considered reasonable for a professional level printing system. The SoPEC device is aimed at the 
consumer level and would not be required to print pages of that complexity. Target document types for the 
SoPEC device are shown Table 2. 



Table 2. Page content targets for SoPEC 





mm 


mamm 






Best Case picture Image. 267ppi with 3 colors, A4 size 


8.26x11.7x267x267x3 ©10:1 


1.97 


Full page text, 800dpi A4 size 


8,26x11.7x800x800 © 10:1 


0.74 




I 

I 



Doc: SoPEC_hardware_design S3 Proprietary Document 29 Nov 2002 

Version: 2 3 Page 16 





SoPEC : Hardware Design 



Table 2. Page content targets for SoPEC 




Mixed Graphics and Text 

- Image of 6 inches x 4 inches @ 267 ppi and 3 colors 

- Remaining area text -73 inches 2 . 800 dpi 



6x4x267x267x3 @ 5:1 
800x800x73 % 10:1 



1.55 



Best Case Photo, 3 Colors, 6.6 Megapixel Image 



6.6 M pixel ® 10:1 



2.00 



If a document with more complex pages is required, the page RIP software in the host PC can determine 
that there is insufficient memory storage in the SoPEC for that document In such cases the RIP software 
can take two courses of action. It can increase the compression ratio until the compressed page size will fit 
in the SoPEC device, at the expense of document quality, or divide the page into bands and allow SoPEC 
to begin printing a page band before all bands for that page are downloaded. Once SoPEC starts printing a 
page it cannot stop, if SoPEC consumes compressed data faster than the bands can be downloaded a buffer 
underrun error could occur causing the print to fail. A buffer underrun occurs if line synchronisation pulse 
is received before a line of data has been transferred to the printhead 

Other options which can be considered if the page does not fit completely into the compressed page store 
are to slow the printing or to use multiple SoPECs to print parts of the page. A Storage SoPEC (Section 
7.2.5) could be added to the system to provide guaranteed bandwidth data delivery. The print system could 
also be constructed using an ISi-Bridge chip (Section 7.2.6) to provide guaranteed data delivery. 
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7 Memjet Printer Architecture 

The SoPEC device can be used in several printer configurations and architectures. 

In the general sense every SoPEC based printer architecture will contain: 

• One or more SoPEC devices, 

• One or more bi-lithic printheads. 

• Two or more LSS busses. 

• Two or more QA chips. 

• USB 1 . 1 connection to host or ISI connection to Bridge Chip. 
| • ISI bus connection between SoPECs (when multiple SoPECs are used). 

Some example printer configurations as outlined in Section 7.2. The various system components are out- 
lined briefly in Section 7.1. 

7.1 System Components 

7.1.1 SoPEC Print Engine Controller 

The SoPEC device contains several system on a chip (SoC) components, as well as the print engine pipe- 
line control application specific logic. 

7. 1. 1 . 1 Print Engine Pipeline (PEP) Logic 

The PEP reads compressed page store data from the embedded memory, optionally decompresses the data 
and formats it for sending to the printheacL The print engine pipeline functionality includes expanding the 
page image, dithering the contone layer, compositing the black layer over the contone layer, rendering of 
Netpage tags, compensation for dead nozzles in the printhead, and sending the resultant image to the bi- 
lithic printhead. 

7. 1 . 1 . 2 Embedded CPU 

SoPEC contains an embedded CPU for general purpose system configuration and management. The CPU 
performs page and band header processing, motor control and sensor monitoring (via the GPIO) and other 
system control functions. The CPU can perform buffer management or report buffer status to the host. The 
CPU can optionally run vendor application specific code for general print control such as paper ready 
monitoring and LED status update. 

7. 1 . 1 . 3 Embedded Memory Buffer 

A 2.5Mbyte embedded memory buffer is integrated onto the SoPEC device, of which approximately 
2Mbytes are available for compressed page store data. A compressed page is divided into one or more 
bands, with a number of bands stored in memory. As a band of the page is consumed by the PEP for print- 
ing a new band can be downloaded. The new band may be for the current page or the next page. 

Using banding it is possible to begin printing a page before the complete compressed page is downloaded, 
but care must be taken to ensure that data is always available for printing or a buffer underrun may occur. 

An Storage SoPEC acting as a memory buffer (Section 7.2.5) or an ISI-Bridge chip with attached DRAM 
(Section 7.2.6) could be used to provide guaranteed data delivery. 
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7. 1 . 14 Embedded USB 1. 1 Device 

| The embedded USB 1. 1 device accepts compressed page data and control commands from the host PC, 

and facilitates the data transfer to either embedded memory or to another SoPEC device in multi-SoPEC 
systems. 



7.1.2 Bl-lithic Printhead 

The printhead is constructed by abutting 2 printhead ICs together. The printhead ICs can vary in size from 
2 inches to 8 inches, so to produce an A4 printhead several combinations are possible. For example two 
printhead ICs of 7 inches and 3 inches could be used to create a A4 printhead (the notation is 7:3). Simi- 
larly 6 and 4 combination (6:4), or 5:5 combination. For an A3 printhead it can be constructed from 8:6 or 
an 7:7 printhead IC combination. For photographic printing smaller printheads can be constructed. 



7.1.3 LSS interface bus 

Each SoPEC device has 2 LSS system buses for communication with QA devices for system authentica- 
tion and ink usage accounting. The number of QA devices per bus and their position in the system is unre- 
stricted with the exception that PRINTER_QA and INKjQA devices should be on separate LSS busses. 

7.1.4 QA devices 

Each SoPEC system can have several QA devices. Normally each printing SoPEC will have an associated 
PRINTER_QA. Ink cartridges will contain an INKjQA chip. PRINTER _QA and INKjQA devices should 
be on separate LSS busses. All QA chips in the system are physically identical with flash memory contents 
defining PRINTERjQA from INKjQA chip. 



7.1.5 ISI interface 

The lnter-SoPEC Interface (ISI) provides a communication channel between SoPECs in a multi-SoPEC 
system. The ISIMaster can be SoPEC device or an ISI-Bridge chip depending on the printer configuration. 
| Both compressed data and control commands are transferred via the interface. 

7.1.6 ISI-Bridge Chip 

A device, other than a SoPEC with a USB connection, which provides print data to a number of slave 
SoPECs. A bridge chip will typically have a high bandwidth connection, such as USB2.0, Ethernet or 
IEEE 1394, to a host and may have an attached external DRAM for compressed page storage. A bridge 
chip would have one or more ISI interfaces. The use of multiple ISI buses would allow the construction of 
independent print systems within the one printer. The ISI-Bridge would be the ISIMaster for each of the 
ISI buses it interfaces to. 



7.2 Possible SoPEC Systems 

Several possible SoPEC based system architectures exist. The following sections outline some possible 
architectures. It is possible to have extra SoPEC devices in the system used for DRAM storage. The QA 
chip configurations shown are indicative of the flexibility of LSS bus architecture, but not limited to those 
configurations. 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 19 



SoPEC : Hardware Design 



7.2.1 A4 Simplex with 1 SoPEC device 



USB from Host £ 




£^ highspeed 
low speed 



printhead assombty 
* — — — — — — — — — — — — — ______ — _ — — _j 

Figure 3. Single SoPEC A4 Simplex system 

In Figure 3, a single SoPEC device can be used to control two printhead ICs. The SoPEC receives com- 
pressed data through the USB device from the host. The compressed data is processed and transferred to 
the printhead. 



7.2.2 A4 Duplex with 2 SoPEC devices 



USB from Host 



I Printer I 


SoPEC F- 


OA chip W — ► 


Device #1 L- 




£^ highspeed 
low speed 



printhead assembly 

Figure 4. Dual SoPEC A4 Duplex system 

In Figure 4, two SoPEC devices are used to control two bi-Iithic printheads, each with two printhead ICs. 
Each bi-lithic printhead prints to opposite sides of the same page to achieve duplex printing. The SoPEC 
connected to the USB is the ISIMaster SoPEC, the remaining SoPEC is an ISISlave. The ISIMaster 
receives all the compressed page data for both SoPECs and re-distributes the compressed data over the 
Inter-SoPEC Interface (ISI) bus. 
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J3 



ft may not be possible to print an A4 page every 2 seconds in this configuration since the USB 1 . 1 connec- 
tion to the host may not have enough bandwidth. An alternative would be for each SoPEC to have its own 
USB 1 . 1 connection. This would allow a faster average print speed 



7.2.3 A3 Simplex with 2 SoPEC devices 



USB from I 




£^ high speed 
•O low speed 



. _ erlnthead assembjy_ 

Figure 5. Dual SoPEC A3 simplex system 



In Figure 5, two SoPEC devices are used to control one A3 bi-lithic printhead. Each SoPEC controls only 
one printhead IC (the remaining PHI port typically remains idle). The USB 1.1 connection defines the ISI- 
Master SoPEC. In this dual SoPEC configuration the compressed page store data is split across 2 SoPECs 
giving a total of 4Mbyte page store, this allows the system to use compression rates as in an A4 architec- 
ture, but with the increased page size of A3. The ISIMaster receives all the compressed page data for all 
SoPECs and re-distributes the compressed data over the Inter-SoPEC Interface (ISI) bus. 

It may not be possible to print an A3 page every 2 seconds in this configuration since the USB 1.1 connec- 
tion to the host will only have enough bandwidth to supply 2Mbytes every 2 seconds. Pages which require 
more than 2MBytes every 2 seconds will therefore print slower. An alternative would be for each SoPEC 
to have its own USB 1 . 1 connection. This would allow a faster average print speed. 
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7.2.4 A3 Duplex with 4 SoPEC devices 



USB from Host 1 



J3 




. prt nthead assembly. 



Figure 6. Quad SoPEC A3 duplex system 



In Figure 6 a 4 SoPEC system is shown. It contains 2 A3 bi-lithic printheads, one for each side of an A3 
page. Each printhead contain 2 printhead ICs, each printhead IC is controlled by an independent SoPEC 
device, with the remaining PHI port typically unused. Again the USB 1.1 connection defines the ISIMaster 
with the other SoPECs as ISISlaves. In total, the system contains 8Mbytes of compressed page store 
(2Mbytes per SoPEC), so the increased page size does not degrade the system print quality, from that of an 
A4 simplex printer. The ISIMaster receives all the compressed page data for all SoPECs and re-distributes 
the compressed data over the Inter-SoPEC Interface (ISI) bus. 

It may not be possible to print an A3 page every 2 seconds in this configuration since the USB 1 . 1 connec- 
tion to the host will only have enough bandwidth to supply 2Mbytes every 2 seconds. Pages which require 
more than 2MBytes every 2 seconds will therefore print slower. An alternative would be for each SoPEC 
or set of SoPECS on the same side of the page to have their own USB 1 . 1 connection. This would allow a 
faster average print speed. 
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7.2.5 SoPEC ORAM storage solution: A4 Simplex with 1 printing SoPEC and 1 memory SoPEC 



replaceable 
ink cartridge 



USB from Host < 



ink cartridge 
QAchfp 



LI 




a| A4 BWithic | 
J piinthead 



SoPEC I SoPEC used 
Device #1 I as DRAM storage 



i prfnthead assembly 



highspeed 
0> low speed 



Figure 7. SoPEC A4 Simplex system with extra SoPEC used as ORAM storage 



Extra SoPECs can be used for DRAM storage e.g. in Figure 7 an A4 simplex printer can be built with a 
single extra SoPEC used for DRAM storage. The DRAM SoPEC can provide guaranteed bandwidth deliv- 
ery of data to the printing SoPEC. SoPEC configurations can have multiple extra SoPECs used for DRAM 
storage. 
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7.2.6 ISI-Bridge chip solution: A3 Duplex system with 4 SoPEC devices 



r — — — — — — — «, 

I replaceable i 
t Ink cartridge i 




Figure 8. A3 duplex system featuring four printing SoPECs 



In Figure 8, an ISI-Bridge chip provides slave-only ISI connections to SoPEC devices. Figure 8 shows a 
ISI-Bridge chip with 2 separate ISI ports. The ISI-Bridge chip is the ISIMaster on each of the ISI busses it 
is connected to. Ail connected SoPECs are ISISlaves. The ISI-Bridge chip will typically have a high band- 
width connection to a host and may have an attached external DRAM for compressed page storage. 

An alternative to having a ISI-Bridge chip would be for each SoPEC or each set of SoPECs on the same 
side of a page to have their own USB 1.1 connection. This would allow a faster average print speed. 
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8 Page Format and Printflow 

When rendering a page, the RIP produces a page header and a number of bands (a non-blank page requires 
at least one band) for a page. The page header contains high level rendering parameters, and each band 
contains compressed page data. The size of the band will depend on the memory available to the RIP, the 
speed of the RIP, and the amount of memory remaining in SoPEC while printing the previous band(s). Fig- 
ure 9 shows the high level data structure of a number of pages with different numbers of bands in the page. 



blank page 



single band page 



page header 



page header 



2 band page 



page header 



band 0 



band 1 



mutti band page 



page header 



band 0 



bandn 



Figure 9. Pages containing different numbers of bands 



Each compressed band contains a mandatory band header, an optional bi-level plane, optional sets of inter- 
leaved contone planes, and an optional tag data plane (for Netpage enabled applications). Since each of 
these planes is optional 1 , the band header specifies which planes are included with the band Figure 10 
gives a high-level breakdown of the contents of a page band. 



band header 



bUevei plane 
contone plane 
tag data plane 
Figure 10. Contents of a page band 

A single SoPEC has maximum rendering restrictions as follows: 

• 1 bi-level plane 

• 1 contone interleaved plane set containing a maximum of 4 contone planes 

• 1 tag data plane 

• a bi-lithic printhead with a maximum of 2 printhead ICs 
The requirement for single-sided A4 single SoPEC printing is 

• average contone JPEG compression ratio of 10: 1 , with a local minimum compression ratio of 5: 1 for a 
single line of interleaved JPEG blocks. 



band n 




1. Although a band must contain at least one plane 



Doc: SoPEC_hardware_design S3 Proprietary Document 29 Nov 2002 

Version: 2.3 Page 25 



SoPEC : Hardware Design 



• average bi-level compression ratio of 10: 1 , with a local minimum compression ratio of 1 :1 for a single 
line. 

If the page contains rendering parameters that exceed these specifications, then the RIP or the Host PC 
must split the page into a format that can be handled by a single SoPEC. 

In the general case, the SoPEC CPU must analyze the page and band headers and generate an appropriate 
set of register write commands to configure the units in SoPEC for that page. The various bands are passed 
to the destination SoPEC(s) to locations in DRAM determined by the host. 

The host keeps a memory map for the DRAM, and ensures that as a band is passed to a SoPEC, it is stored 
in a suitable free area in DRAM. Each SoPEC is connected to the ISI bus or USB bus via its Serial com- 
munication Block (SCB). The SoPEC CPU configures the SCB to allow compressed data bands to pass 
from the USB or ISI through the SCB to SoPEC DRAM. Figure 1 1 shows an example data flow for a page 
destined to be printed by a single SoPEC. Band usage information is generated by the individual SoPECs 
and passed back to the host 



Host RIP 



page/band header 



bi-level plane 



co mono Interleaved 
plane 



tag data plane 



SCB 

r -i 

I passed through | 



SoPEC'a ORAM 



| passed through j 
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I 



} passed through | ^ 



i- i 



page/band header 



bi-level plane 



contone Interleaved 
plane 




tag data plane 



register commands 



CPU 



SoPECs Registers 



Figure 11. Page data path from host to SoPEC 

SoPEC has an addressing mechanism that permits circular band memory allocation, thus facilitating easy 
memory management. However it is not strictly necessary that all bands be stored together As long as the 
appropriate registers in SoPEC are set up for each band, and a given band is contiguous 1 , the memory can 
be allocated in any way. 



Contiguous allocation also includes wrapping around in SoPECs band store memory. 
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8,1 Print engine example page format 

This section describes a possible format of compressed pages expected by the embedded CPU in SoPEC. 
The format is generated by software in the host PC and interpreted by embedded software in SoPEC. This 
section indicates the type of information in a page format structure, but implementations need not be lim- 
ited to this format The host PC can optionally perform the majority of the header processing. 

The compressed format and the print engines are designed to allow real-time page expansion during print- 
ing, to ensure that printing is never interrupted in the middle of a page due to data underrun. 

The page format described here is for a single black bi-level layer, a contone layer, and a Netpage tag 
layer. The black bi-level layer is defined to composite over the contone layer 

The black bi-level layer consists of a bitmap containing a 1-bit opacity for each pixel. This black layer 
matte has a resolution which is an integer or non-integer factor of the printer's dot resolution. The highest 
supported resolution is 1600 dpi, i.e. the printer's full dot resolution. 

The contone layer, optionally passed in as YCrCb, consists of a 24-bit CMY or 32-bit CMYK color for 
each pixel. This contone image has a resolution which is an integer or non-integer factor of the printer's 
dot resolution. The requirement for a single SoPEC is to support 1 side per 2 seconds A4/Letter printing at 
a resolution of 267 ppi, i.e. one-sixth the printer's dot resolution. 

Non-integer scaling can be performed on both the contone and bi-level images. Only integer scaling can be 
performed on the tag data. 

The black bi-level layer and the contone layer are both in compressed form for efficient storage in the 
printer's internal memory. 



8.1.1 Page structure 



A single SoPEC is able to print with full edge bleed for Letter and A3 via different stitch part combina- 
tions of the bi-lithic printhead. It imposes no margins and so has a printable page area which corresponds 
to the size of its paper. The target page size is constrained by the printable page area, less the explicit (tar- 
get) left and top margins specified in the page description. These relationships are illustrated below. 



target top margin 



target bottom margin 



- target page 

printable page area 
(physical page) 



Figure 12. Pago structure 
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8.1.2 Compressed page format 

Apart from being implicitly defined in relation to the printable page area, each page description is com- 
plete and self-contained. There is no data stored separately from the page description to which the page 
description refers. 1 The page description consists of a page header which describes the size and resolution 
of the page, followed by one or more page bands which describe the actual page content 

& 1. 2. 1 Page header 

Table 3 shows an example format of a page header. 



Table 3. Page header format 



i&mmmm 






signature 


16-bit integer 


Page header format signature. 


version 


16-bit integer 


Page header format version number. 


structure size 


16-bit integer 




band count 


16-bit integer 


Number of bands specified for this page. 


target resolution (dpi) 


16-bJt integer 


Resolution of target page. This is always 1 600 for the Memjet 
printer. 


target page vvkjOT 


16-brt integer 


Width of target page, in dots. 


target page height 


32-bit integer 


Height of target page, in dots. 


target left margin for black and 
con tone 


16-bit integer 


Width of target left margin, in dots, for black and contone. 


target top margin for black and 
contone 


16-bit integer 


Height of target top margin, in dots, for Wack and contone. 


target right margin for black and 
contone 


16-bit integer 


Width of target right margin, in dots, for black and contone. 


target bottom margin for black 
and contone 


16-bit integer 


Height of target bottom margin, in dots, for black and contone. 


target left margin for tags 


16-bit integer 


Width of target left margin, in dots, for tags. 


target top margin for tags 


16-bit integer 


Height of target top margin, in dots, for tags. 


target right margin for tags 


16-bit integer 


Width of target right margin, in dots, for tags. 


target bottom margin for tags 


1 6-bit integer 


Height of target bottom margin, in dots, for tags. 


generate tags 


1 6-bit integer 


Specifies whether to generate tags for this page (0 - no, 1 - 
yes). 


fixed tag data 


126-bit integer 


This is only valid if generate tags is set 


tag vertical scale factor 


16-bit integer 


Scale factor in vertical direction from tag data resolution to tar- 
get resolution. Valid range = 1-51 1. Integer scaling only 


tag horizontal scale factor 


1 6-bit integer 


Scale factor in horizontal direction from tag data resolution to 
target resolution. Valid range = 1-511. Integer scaling only. 


bi-tevel layer vertical scale factor 


16-bit integer 


Scale factor in vertical direction from bMevef resolution to tar- 
get resolution (must be 1 or greater). May be non-integer. 
Expressed as a fraction with upper 8-bits the numerator and 
the tower 8 bits the denominator. 



1. SoPEC relics on dither matrices and tag structures to have already been set up, but these are not considered to be part of a general page 
format. It ts trmaJ to extend the page format to allow exact specification of dither matrices and tag structures. 
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Table 3. Page header format 







bHevel layer horizontal scale fac- 
tor 


16-bit integer 


Scale factor in horizontal direction from bMevel resolution to 
target resolution (must be 1 or greater). May be non-integer. 
Expressed as a fraction with upper 6-bits the numerator and 
the lower 8 bits the denominator. 


bHevel layer page width 


16-bit integer 


Width of bHevel layer page, in pixels. 


bHevel layer page height 


32-bit integer 


Height of bHevel layer page, in pixels. 


contone ffags 


16 bit integer 


Defines the color conversion that is required for the JPEG 
data. 

Bits 2-0 specify how many contone planes there are (e.g. 3 for 
CMY and 4 for CMYK). 

Bit 3 specifies whether the first 3 color planes need to be con- 
verted back from YCrCb to CMY Only valid If b2-0 = 3 or 4. 

0 - no conversion, leave JPEG colors alone 

1 - color convert 

Bits 7-4 specifies whether the YCrCb was generated directly 
from CMY, or whether It was converted to RGB first via the 
step: R = 255-C. G = 255-M. B = 255-Y. Each of the color 
planes can be individually inverted. 
Bit 4: 

0 - do not invert color plane 0 

1 • invert color plane 0 
Bit 5: 

0 - do not invert color plane 1 

1 - invert color plane 1 
Bit 6: 

0 - do not invert color plane 2 

1 - invert color plane 2 

Bit 7: I 

0 - do not invert color plane 3 

1 - invert color plane 3 

Bit 8 specifies whether the contone data is JPEG compressed 
or non-compressed: 

0 - JPEG compressed 

1 - non-compressed 

The remaining bits are reserved (0). 


contone vertical scafe factor 


16-bit integer 


Scale factor in vertical direction from contone channel resolu- 
tion to target resolution. Valid range = 1-255. May be non-inte- 
ger. 

Expressed as a fraction with upper 8-bits the numerator and 
the lower 8 bits the denominator. 






contone horizontal scale factor 


16-bit integer 


Scale factor in horizontal direction from contone channel reso- 
lution to target resolution. Valid range = 1-255. May be non- 
integer. 

Expressed as a fraction with upper 8-bits the numerator and 
the lower 6 bits the denominator. 


contone page width 


16-bit integer 


Width of contone page, in contone pixels. 


contone page height 


32-bit integer 


Height of contone page, in contone pixels. 


reserved 


up to 128 
bytes 


Reserved and 0 pads out page header to multiple of 1 28 
bytes. 



The page header contains a signature and version which allow the CPU to identify the page header format. 
If the signature and/or version are missing or incompatible with the CPU, then the CPU can reject the 
page. 
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The contone flags define how many contone layers are present, which typically is used for defining 
whether the contone layer is CMY or CMYK- Additionally, if the color planes are CMY, they can be 
optionally stored as YCrCb, and further optionally color space converted from CMY directly or via RGB. 
Finally the contone data is specified as being either JPEG compressed or non-compressed 

The page header defines the resolution and size of the target page. The bi-level and contone layers are 
clipped to the target page if necessary. This happens whenever the bi-level or contone scale factors are not 
factors of the target page width or height. 

The target left, top, right and bottom margins define the positioning of the target page within the printable 
page area. 

The tag parameters specify whether or not Netpage tags should be produced for this page and what orien- 
tation the tags should be produced at (landscape or portrait mode). The fixed tag data is also provided. 

The contone, bi-level and tag layer parameters define the page size and the scale factors. 

8. 1. 2. 2 Band format 

Table 4 shows the format of the page band header. 



Table 4. Band header format 



HHH1II 


B9HIS 




signature . 


16-bit integer 


Page band header format signature. 


version 


16-bit integer 


Page band header format version number. 


structure size 


16-bit integer 


Size of page band header. 


bi-level layer band height 


16-bit integer 


Height of bi-level layer band, in black pixels. 


bi-level layer band data size 


32-bil integer 


Size of bNevei layer band data, in bytes. 


contone band height 


16-bit integer 


Height of contone band, In contone pixels. 


contone band data size 


32-bil integer 


Size of contone ptane band data, in bytes. 


tag band height 


16-bit integer 


Height of tag band, In dots. 


tag band data size 


32-bit integer 


Size of unen coded tag data band, in bytes. 
Can be 0 which indicates that no tag data is 
provided. 


reserved 


up to 128 
bytes 


Reserved and 0 pads out band header to 
multiple of 128 bytes. 



The bi-level layer parameters define the height of the black band, and the size of its compressed band data. 
The variable-size black data follows the page band header. 

The contone layer parameters define the height of the contone band, and the size of its compressed page 
data. The variable-size contone data follows the black data. 

The tag band data is the set of variable tag data half-lines as required by the tag encoder. The format of the 
tag data is found in Section 26.5.2. The tag band data follows the contone data. 

Table 5 shows the format of the variable-size compressed band data which follows the page band header. 



Table 5. Page band data format 









black data 


Modified G4 facsimile bitstream 1 


Compressed bi-level layer. 


contone data 


JPEG bytestream 


Compressed contone datalayer. 


tag data map 


Tag data array 


Tag data format See Section 26.5.2. 
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, See section 8.1.2.3 on page 31 for note regarding the use of this standard 

The start of each variable-size segment of band data should be aligned to a 256-bit DRAM word boundary. 

The following sections describe the format of the compressed bi-level layers and the compressed contone 
layer, section 26.5.1 on page 365 describes the format of the tag data structures. 

8. 1. 2.3 Bi-level data compression 

The (typically 1600 dpi) black bi-level layer is losslessly compressed using Silverbrook Modified Group 4 
(SMG4) compression which is a version of Group 4 Facsimile compression [18] without Huffman and 
with simplified run length encodings. Typically compression ratios exceed 10:1. The encoding are listed in 
Table 6 and Table 7 



Table 6. BI-LeveJ group 4 facsimile style compression encodings 



US 






e 


1000 


Pass Command: aO <- b2, skip next two edges 


1 


Vertical(0): aO <- bi f color = fcolor 


& 


110 


Vertical(1): aO *- b1 + 1, color = Icolor 




010 


Vertical(-I): aO <- bi - 1 , color = teotor 


» §* 


110000 


VertJcaJ(2): aO b1 + 2. color = Icolor 


So 


010000 


Vertical(-2): aO «- b1 - 2, color = Icolor 


ie to this 
mentation 


100000 


VerticaJ(3): aO <- b1 + 3, color = fcolor j 


oooooo 


VerKcaI(-3): aO <- bi - 3, color n Icolor 


<RLxRL>100 


HorizontaJ: aO <- aO + <RL> + <RL> 


if 







SMG4 has a pass through mode to cope with local negative compression. Pass through mode is activated 
by a special run-length code. Pass through mode continues to either end of line or for a pre-programmed 
number of bits, whichever is shorter. The special run-length code is always executed as a run-length code, 
followed by pass through. The pass through escape code is a medium length run-length with a run of less 
than or equal to 31. 



Table 7. Run length (RL) encodings 







ESHlM^^MIffi^li 




RRRRR1 


Short Black Runiength (5 bits) 




RRRRR1 


Short White Runiength (5 bits) 




RRRRRRRRRR10 


Medium Black Runiength (10 bits) 




RRRRRRRR10 


Medium White Runiength (8 bits) 




RRRRRRRRRR10 


Medium Black Runiength with RRRRRRRRRR <= 31. 


c 
tn o 




Enter pass through 


> thi 
■tati 


RRRRRRRR10 


Medium White Runiength with RRRRRRRR <= 31 , 


^ ft 




Enter pass through 


II 
ft 


RRRRRRRRRRRRRRROO 


Long Black Runiength (1 5 bits) 




RRRRRRRRRRRRRRROO 


Long White Runiength (15 bits) 
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Since the compression is a bitstream, the encodings are read right (least significant bit) to left (most signif- 
icant bit). The run lengths given as RRRR in Table 7 are read in the same way (least significant bit at the 
right to most significant bit at the left). 

Each band of bi-level data is optionally self contained. The first line of each band therefore is based on a 
•previous* blank line or the last line of the previous band. 

• 8.1.2.3.1 Group 3 and 4 facsimile compression 

The Group 3 Facsimile compression algorithm [18j iosslessly compresses bi-level data for transmission * 
over slow and noisy telephone lines. The bi-level data represents scanned black text and graphics on a 
white background, and the algorithm is tuned for this class of images (it is explicitly not tuned, for exam- 
ple, for halftoned bi-level images). The ID Group 3 algorithm runlength-encodes each scanline and then 
Huffman-encodes the resulting runlengths. Runlengths in the range 0 to 63 are coded with terminating 
codes. Runlengths in the range 64 to 2623 are coded with make-up codes, each representing a multiple of 
64, followed by a terminating code. Runlengths exceeding 2623 are coded with multiple make-up codes 
followed by a terrninating code. The Huffman tables are fixed, but are separately tuned for black and white 
runs (except for make-up codes above 1728, which are common). When possible, the 2D Group 3 algo- 
rithm encodes a scanline as a set of short edge deltas (0, ±1, ±2, ±3) with reference to the previous scan- 
line. The delta symbols are entropy-encoded (so that the zero delta symbol is only one bit long etc.) Edges 
within a 2D-encoded line which can't be delta-encoded are runlength-encoded, and are identified by a pre- 
fix. ID- and 2D-encoded lines are marked differently. ID-encoded lines are generated at regular intervals, 
whether actually required or not, to ensure that the decoder can recover from line noise with minimal 
image degradation. 2D Group 3 achieves compression ratios of up to 6:1 [28]. 

The Group 4 Facsimile algorithm [18] Iosslessly compresses bi-level data for transmission over error-free 
communications lines (i.e. the lines are truly error-free, or error-correction is done at a lower protocol 
level). The Group 4 algorithm is based on the 2D Group 3 algorithm, with the essential modification that 
since transmission is assumed to be error- free, ID-encoded lines are no longer generated at regular inter- 
vals as an aid to error-recovery. Group 4 achieves compression ratios ranging from 20:1 to 60:1 for the 
CCITT set of test images [28] . 

The design goals and performance of the Group 4 compression algorithm qualify it as a compression algo- 
rithm for the bi-level layers. However, its Huffman tables are tuned to a lower scanning resolution (100- 
400 dpi), and it encodes runlengths exceeding 2623 awkwardly. 

B.1.2.4 Contone data compression 

The contone layer (CMYK) is either a non-compressed bytestream or is compressed to an interleaved 
JPEG bytestream. The JPEG bytestream is complete and self-contained. It contains all data required for 
decompression, including quantization and Huffman tables. 

The contone data is optionally converted to YCrCb before being compressed (there is no specific advan- 
tage in color-space converting if not compressing). Additionally, the CMY contone pixels are optionally 
converted (on an individual basis) to RGB before color conversion using R=255-C, G=255-M, B=255-Y. 
Optional bitwise inversion of the K plane may also be performed. Note that this CMY to RGB conversion 
is not intended to be accurate for display purposes, but rather for the purposes of later converting to 
YCrCb. The inverse transform will be applied before printing. 

8.1.2.4.1 JPEG compression 

The JPEG compression algorithm [23] lossily compresses a contone image at a specified quality level. It 
introduces imperceptible image degradation at compression ratios below 5:1 , and negligible image degra- 
dation at compression ratios below 10:1 [29]. 
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JPEG typically first transforms the image into a color space which separates luminance and chrominance 
into separate color channels. This allows the chrominance channels to be subsampled without appreciable 
loss because of the human visual system's relatively greater sensitivity to luminance than chrominance. 
After this first step, each color channel is compressed separately. 

The image is divided into 8x8 pixel blocks. Each block is then transformed into the frequency domain via 
a discrete cosine transform (DCT). This transformation has the effect of concentrating image energy in rel- 
atively lower-frequency coefficients, which allows higher-frequency coefficients to be more crudely quan- 
tized. This quantization is the principal source of compression in JPEG. Further compression is achieved 
by ordering coefficients by frequency to maximize the likelihood of adjacent zero coefficients, and then 
runlengm-encoding runs of zeroes. Finally, the runlengths and non-zero frequency coefficients are entropy 
coded. Decompression is the inverse process of compression. 

8.1.2.4.2 Non-compressed format 

If the contone data is non-compressed, it must be in a block-based format bytestream with the same pixel 
order as would be produced by a JPEG decoder The bytestream therefore consists of a series of 8x8 block 
of the original image, starting with the top left 8x8 block, and working horizontally across the page (as it 
will be printed) until the top rightmost 8x8 block, then the next row of 8x8 blocks (left to right) and so on 
until the lower row of 8x8 blocks (left to right). Each 8x8 block consists of 64 8-bit pixels for color plane 
0 (representing 8 rows of 8 pixels in the order top left to bottom right) followed by 64 8-bit pixels for color 
plane 1 and so on for up to a maximum of 4 color planes. 

If the original image is not a multiple of 8 pixels in X or Y, padding must be present (the extra pixel data 
will be ignored by the setting of margins). 

8.1.2.4.3 Compressed format 

If the contone data is compressed the first memory band contains JPEG headers (including tables) plus 
MCUs (minimum coded units). The ratio of space between the various color planes in the JPEG stream is 
1:1 No subsampling is permitted. Banding can be completely arbitrary i.e there can be multiple JPEG 
images per band or 1 JPEG image divided over multiple bands. The break between bands is only memory 
alignment based. 

8.1.2.4.4 Conversion of RGB to YCrCb (in RIP) 

YCrCb is defined as per CCIR 601-1 [20] except that Y, Cr and Cb are normalized to occupy all 256 levels 
of an 8-bit binary encoding and take account of the actual hardware implementation of the inverse trans- 
form within SoPEC. 

The exact color conversion computation is as follows: 

• Y* = (9805/32768)R + (1923 5/3 276 8)G + (3728/32768)B 

• Cr* = (16375/32768)R- (13716/32768)G - (2659/32768)B + 128 

• Cb* <= -(5529/32768)R - (10846/32768)G + (16375/32768)3 + 128 

Y, Cr and Cb are obtained by rounding to the nearest integer. There is no need for saturation since ranges 
of Y*, Cr* and Cb* after rounding are [0-255], [1-255] and [1-255] respectively. Note that full accuracy is 
possible with 24 bits. See [14] for more information. 
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9 Overview 



The Small Office Home Office Print Engine Controller (SoPEC) is a page rendering engine ASIC that 
takes compressed page images as input, and produces decompressed page images at up to 6 channels of bi- 
Ievel dot data as output. The bi-level dot data is generated for the Memjet bi-lithic printhead. The dot gen- 
eration process takes account of printhead construction, dead nozzles, and allows for fixative generation. 
A single SoPEC can control 2 bi-lithic printheads and up to 6 color channels at 10,000 lines/sec 1 equating 
to 30 pages per minute. A single SoPEC can perform full-bleed printing of A3, A4 and Letter pages. The 6 
channels of colored ink are the expected maximum in a consumer SOHO, or office Bi-lithic printing envi- 
ronment: 

• CMY, for regular color printing. 

• K, for black text, line graphics and gray-scale printing. 

• IR (infrared), for Netpage-enabled [5] applications. 

• F (fixative), to enable printing at high speed. Because the bi-lithic printer is capable of printing so fast 
a fixative may be required to enable the ink to dry before the page touches the page already printed' 
Otherwise the pages may bleed on each other. In low speed printing environments the fixative may not 
be required. 

■ SoPEC is color space agnostic. Although it can accept contone data as CMYX or RGBX, where X is an 
optional 4th channel, it also can accept contone data in any print color space. Additionally, SoPEC pro- 
vides a mechanism for arbitrary mapping of input channels to output channels, including combining dots 
tor ink optimization, generation of channels based on any number of other channels etc. However inputs 
are typically CMYK for contone input, K for the bi-level input, and the optional Netpage tag dots are tyn- 
ically rendered to an infra-red layer. A fixative channel is typically generated for fast printing appUcations. 

SoPEC is resolution agnostic. It merely provides a mapping between input resolutions and output resolu- 
tions by meaxis of scale factors. The expected output resolution is 1600 dpi, but SoPEC actually has no 
knowledge of the physical resolution of the Bi-lithic printhead. 

SoPEC is page-length agnostic. Successive pages are typically split into bands and downloaded into the 
page store as each band of information is consumed and becomes free. 

SoPEC provides an interface for synchronization with other SoPECs. This allows simple multi-SoPEC 
solutions for simultaneous A3/A4/Letter duplex printing. However, SoPEC is also capable of printing only 
a portion of a page image. Combining synchronization functionality with partial page rendering allows 
multiple SoPECs to be readily combined for alternative printing requirements including simultaneous 
duplex printing and wide format printing. 

Table 8 lists some of the features and corresponding benefits of SoPEC. 
Table 8. Features and Benefits of SoPEC 



Optimised print architecture in hardware 



0.1 3mlcron CMOS 
(>3 million transistors) 



30ppm fuil page photographic quality color printing 
from a desktop PC 



High speed 

Low cost 

High functionality 



1 . 1 0,000 lines per second equates to 30 A4/Letter pages per minute at 1 600 dpi 
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Table 8. Features and Benefits of SoPEC 







900 Million dots per second 


Extremely fast page generation 


1 0,000 lines per second at 1 600 dpi 


0.5 A4/Letter pages per SoPEC chip per second 


1 chip drives up to 133,920 nozzles 


Low cost page-width printers 


1 chfp drives up to 6 color planes 




Integrated ORAM 


No external memory required, leading to low cost 
systems 


Power saving sleep mode 


SoPEC can enter a power saving sleep mode to 
reauce power aissipaoon between pnnt jobs 


JPEG expansion 


Low bandwidth from PC 

Low memory requirements in printer 


Lossless bhplane expansion 


High resolution text and line art with low bandwidth 
from rU (e.g. over USB) 


Netoaca ta.a exnansinn 


Generates interactive paper 


Stochastic d(S08r&Pd rtnt Hither 


Optically smooth image quality 
No moire effects 


Hardware compositor for 6 image planes 


Pages composited in real-time 


Dead nozzfa mmnpfl^Atinn 


Extends printhead life and yield 
Reduces printhead cost 


Color space agnostic 


Compatible with all inksets and image sources 
Including RGB, CMYK, spot, CI6 L*a*b\ hex- 
achrome, YCrCbK, sRGB and other 


Color space conversion 


Higher quality / lower bandwidth j 


Computer interface 


USB1 .1 interface to Host and ISI interface to ISI- 
Bridge chip thereby allowing connection to IEEE 
1394, Bluetooth etc. 


Cascadable in resolution 


Printers of any resolution i 


Cascadable in color depth 


Special color sets e.g. hexachrome can be used 


Cascadable in image size 


Printers of any width up to 16 inches 


Cascadable in pages 


Printers can print both sides simultaneously ' 


Cascadable in speed 


Higher speeds are possible by having each SoPEC 
print one vertical strip of the page. 


Fixative channel data generation 


Extremely fast ink drying without wastage 


Built-in security 


Revenue models are protected 


Undercolor removal on dot-by-dot basis 


Reduced ink usage 


Does not require fonts for high speed 
operation 


No font substitution or missing fonts 


Flexible printhead configuration 


Many configurations of printheads are supported by 
one chip type 


Drives BHithic printheads directly 


No print driver chips required, results in lower cost 


Determines dot accurate ink usage 


Removes need for physical Ink monitoring system in 
Ink cartridges 



9.1 Printing rates 

The required printing rate for SoPEC is 30 sheets per minute with an inter-sheet spacing of 4 cm. To 
achieve a 30 sheets per minute print rate, this requires: 
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300mm x 63 (dot/mm) / 2 sec = 1 05.8 jiseconds per line, with no inter-sheet gap. 

340mm x 63 (dot/mm) / 2 sec = 93.3 useconds per line, with a 4 cm inter-sheet gap. 
A Printline for an A4 page consists of 13824 nozzles across the page [2]. At a system clock rate of 160 
MHz 13824 dots of data can be generated in 86.4 ^seconds. Therefore data can be generated fast enough 
to meet the printing speed requirement It is necessary to deliver this print data to the print-heads. 
Printheads can be made up of 5:5, 6:4, 7:3 and 8:2 inch printhead combinations [2]. Print data is trans- 
ferred to both print heads in a pair simultaneously. This means the longest time to print a line is determined 
by the time to transfer print data to the longest print segment. There are 9744 nozzles across a 7 inch print- 
head The print data is transferred to the printhead at a rate of 1 06 MHz (2/3 of the system clock rate) per 
| color plane. This means that it will take 91.9 us to transfer a single line for a 7:3 printhead configuration. 

So we can meet the requirement of 30 sheets per minute printing with a 4 cm gap with a 7:3 printhead 
combination. There are 1 1 1 60 across an 8 inch printhead. To transfer the data to the printhead at 1 06 MHz 
will take 1053 u\s. So an 8:2 printhead combination printing with an inter-sheet gap will print slower than 
30 sheets per minute. 



9.2 SOPEC BASIC ARCHITECTURE 

From the highest point of view the SoPEC device consists of 3 distinct subsystems 

• CPU Subsystem 

• DRAM Subsystem 

• Print Engine Pipeline (PEP) Subsystem 

See Figure 1 3 for a block level diagram of SoPEC. 

9.2.1 CPU Subsystem 

| The CPU subsystem controls and configures all aspects of the other subsystems. It provides general sup- 

port for interfacing and synchronising the external printer with the internal print engine. It also controls the 
low speed communication to the QA chips. The CPU subsystem contains various peripherals to aid the 

| CPU, such as GPIO (includes motor control), interrupt controller, LSS Master and general timers. The 

Serial Communications Block (SCB) on the CPU subsystem provides a full speed USB1 .1 interface to the 
Host as well as an Inter SoPEC Interface (ISI) to other SoPEC devices. 

9.2.2 DRAM Subsystem 

The DRAM subsystem accepts requests from the CPU, Serial Communications Block (SCB) and blocks 
within the PEP subsystem. The DRAM subsystem (in particular the DIU) arbitrates the various requests 
and determines which request should win access to the DRAM. The DIU arbitrates based on configured 
parameters, to allow sufficient access to DRAM for all requestors. The DIU also hides the implementation 
specifics of the DRAM such as page size, number of banks, refresh rates etc. 

Print Engine Pipeline (PEP) subsystem 

The Print Engine Pipeline (PEP) subsystem accepts compressed pages from DRAM and renders them to 
bi-level dots for a given print line destined for a printhead interface that communicates directly with up to 
2 segments of a bi-lithic printhead. 

The first stage of the page expansion pipeline is the CDU, LBD and TE. The CDU expands the JPEG-com- 
pressed contone (typically CMYK) layer, the LBD expands the compressed bi-level layer (typically K), 
and the TE encodes Netpage tags for later rendering (typically in IR or K ink). The output from the first 
stage is a set of buffers: the CFU, SFU, and TFU. The CPU and SFU buffers are implemented in DRAM 



9.2.3 

I 
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The second stage is the HCU, which dithers the contone layer, and composites position tags and the bi- 
level spotO layer over the resulting bi-level dithered layer. A number of options exist for the way in which 
compositing occurs. Up to 6 channels of bi-level data are produced from this stage. Note that not all 6 
channels may be present on the printhead. For example, the printhead may be CMY only, with K pushed 
into the CMY channels and IR ignored Alternatively, the position tags may be printed in K if IR ink is not 
available (or for testing purposes). 

The third stage (DNC) compensates for dead nozzles in the printhead by color redundancy and error dif- 
fusing dead nozzle data into surrounding dots. 

The resultant bi-level 6 channel dot-data (typically CMYK-IRF) is buffered and written out to a set of line 
buffers stored in DRAM via the DWU. 

Finally, the dot-data is loaded back from DRAM, and passed to the printhead interface via a dot FIFO. The 
dot FIFO accepts data from the LLU at the system clock rate (pclk), while the PHI removes data from the 
| FIFO and sends it to the printhead at a rate of 2/3 times the system clock rate (see Section 9. 1). 
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Figure 13. SoPEC System Top Level partition 
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9.3 SoPEC Block Description 

Looking at Figure 13, the various units are described here in summary form: 



Table 9. Units within SoPEC 



IBM 








ORAM 


DIU 


DRAM interface unit 


Provides the interface for DRAM read and write access 
for the various SoPEC units, CPU and the SCB block. 
The DIU provides arbitration between competing units 

/Ytnfrnlc ORAM o/vocq 


ORAM 


Embedded ORAM 


20Mbits of embedded DRAM, 


CPU 


CPU 


Central Processing Unit 


CPU for system configuration and control 


MMU 


Memory Management Unit 


Limits access to certain memory address areas in CPU 
user mode 


ROU 


Real-time Debug Unit 


Facilitates the observation of the contents of most of the 
CPU addressable registers in SoPEC In addition to 
some pseudo-registers in realtime. 


TIM 


General Timer 


Contains watchdog and general system timers 


LSS 


Low Speed Serial Interfaces 


Low level controller for interfacing with the OA chips 


GPIO 


General Purpose lOs 


General IO controller, with built-in Motor control unit, 
LED pulse units and de-glitch circuitry 


ROM 


Boot ROM 


1 6 KBytes of System Boot ROM code 


ICU 


Interrupt Controller Unit 


General Purpose interrupt controller with configurable 
priority, and masking. 


CPR 


Clock. Power and Reset 
block 


Central Unit for controlling and generating the system 
clocks and resets and powerdown mechanisms 


PSS 


Power Save Storage 


Storage retained while system is powered down 


USB 


Universal Serial Bus Device 


USB device controller for interfacing with the Host USB. 


131 


Inter-SoPEC Interface 


' IS I controller for data and control communication with 
other SoPEC's in a multi-SoPEC system 


SCB 


Serial Communication Block 


Contains both the USB and ISI blocks. 
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Table 9. Units within SoPEC 













Print Engine 

Pipeline 

(PEP) 


PCU 


PEP controller 


Provides external CPU with the means to read and write 
Ktr unii registers, and read and write DRAM in single 
32-bct chunks. 


CDU 


fronton A HArnHAr unit 


txpanas Jr to compressed contone layer and wntes 
decompressed contone to DRAM 


CPU 


Contone FIFO Unit 


Provides line buffering between CDU and HCU 


LBD 


Lossless BMevel Decoder 


Expands compressed bi-level layer. 


SFU 


Spot FIFO Unit 


Provides line buffering between LBD and HCU 


TE 


Tag encoder 


Encodes tag data into line of tag dots. 


TFU 


Tag FIFO Unit 


Provides tag data storage between TE and HCU 


HCU 


Halftoner compositor unit 


Dithers contone layer and composites the bl-level spot 0 
and position tag dots. 


DNC 


Dead Nozzle Compensator 


Compensates tor dead nozzles by color redundancy and 
error diffusing dead nozzle data into surrounding dots. 


owu 


Dotiine Writer Unit 


Writes out the 6 channels of dot data tor a given printfine 
to the line store DRAM 


LLU 


Une Loader Unit 


Reads the expanded page image from line store, format- 
ting the data appropriately for the bi-Kthlc printhead. 




PHI 


PrintHead Interface 


Is responsible tor sending dot data to the bWithic print- 
heads and for providing line synchronization between 
multiple SoPECs. Also provides test interface to print- 
head such as temperature monitoring and Dead Nozzle 
Identification. 



9.4 Addressing scheme in SoPEC 

SoPEC must address 

• 20 Mbit DRAM. 

• PCU addressed registers in PEP. 

• CPU-subsystem addressed registers. 

SoPEC has a unified address space with the CPU capable of addressing all CPU-subsystem and PCU-bus 
accessible registers (in PEP) and all locations in DRAM. The CPU generates byte-aligned addresses for 
the whole of SoPEC. 

22 bits are sufficient to byte address the whole SoPEC address space. 

9-4.1 DRAM addressing scheme 

The embedded DRAM is composed of 256-bit words. However the CPU-subsystem may need to write 
individual bytes of DRAM. Therefore it was decided to make the DIU byte addressable. 22 bits are 
required to byte address 20 Mbits of DRAM. 

Most blocks read or write 256-bit words of DRAM. Therefore only the top 17 bits i.e. bits 21 to 5 are 
required to address 256-bit word aligned locations. 

The exceptions are 

• CDU which can write 64-bits so only the top 19 address bits i.e. bits 21-3 are required 

• The CPU-subsystem always generates a 22-bit byte-aligned DIU address but it will send flags to the 
DIU indicating whether it is an 8, 16 or 32-bit write. 
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All DIU accesses must be within the same 256-bit aligned DRAM word 



9.4.2 



PEP Unit DRAM addressing 



PEP Unit configuration registers which specify DRAM locations should specify 256-bit aligned DRAM 
addresses i.e. using address bits 21:5. Legacy blocks from PECl e.g. the LBD and TE may need to specify 
64-bit aligned DRAM addresses if these reused blocks DRAM addressing is difficult to modify. These 64- 
bit aligned addresses require address bits 21:3. However, these 64-bit aligned addresses should be pro- 
grammed to start at a 256-bit DRAM word boundary. 

Unlike PECl, there are no constraints in SoPEC on data organization in DRAM except that all data struc- 
tures must start on a 256-bit DRAM boundary. If data stored is not a multiple of 256-bits then the last word 
should be padded 



The CPU-bus supports 32-bit word aligned read and write accesses with variable access timings. See sec- 
tion 1 1 A for more details of the access protocol used on this bus. The CPU-bus does not currently support 
byte reads and writes but this can be added at a later date if required by imported IP. 



The PCU only supports 32-bit register reads and writes for the PEP blocks. As the PEP blocks only occupy 
a subsection of the overall address map and the PCU is explicitly selected by the MMU when a PEP block 
is being accessed the PCU does not need to perform a decode of the higher-order address bits. See 
Table 1 1 for the PEP subsystem address map. 



9.4.3 



CPU-bus addressed registers 



9.4.4 



PCU addressed registers in PEP 
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9.5 
9.5.1 



SoPEC Memory Map 



Main memory map 



The system wide memory map is shown in Figure 14 below. The memory map is discussed in detail in 
Section 1 1 Central Processing Unit (CPU). 



Accesses in this 
area are not 
allowed and 
result in a bus 
error exception. 



Accesses in this 
area are via the 
CPU bus and are 
controlled by 
permissions set in 1 
each peripheral. 



Accesses in this 
area are via the 
DIU bus and are 
controlled by 
permissions set in J 
the MMU. 




OxFFFF FFFF 



PCU Mapped Registers 



Peripheral Registers 



ROM 



DRAM 



0x002A_C000 
0x002A_0000 
0x0029_0000 
0x0028^0000 




DRAM 
Regions 



0x0000.0000 



Figure 14. Proposed SoPEC CPU memory map (not to scale) 

9.5.2 CPU-bus peripherals address map 

The address mapping for the peripherals attached to the CPU-bus is shown in Table 10 below. The MMU 
performs the decode of cpu__adr [21: 12] to generate the relevant cpuJblock_select signal for each block. 
The addressed blocks decode however many of the lower order bits of cpu__adr[ll:2] are required to 
address all the registers within the block. 

Table 10. CPU-bus peripherals address map 



jjflgffllpfflg 




MMU_base 


0x0029.0000 


TIM__base 


0x0029_1000 


LSS_base 


0x0029.2000 


GPJO_base 


0xO029_3000 


SCB_base 


0x0029_4000 
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Table 10. CPU-bus peripherals address map 







ICLLbase 


0x0029_5000 


CPR_base 


0x0029^6000 


ROM_base 


0x0029_7000 


DiU_base 


OxOO29_0OOO 


PSS_base 


0x0029,9000 


Reserved 


0xOO29__A0O0 to 0x0029_FFFF 


PCU_base 


0x002A_0O00 to 0x002A_BFFF 



9.5.3 PCU Mapped Registers (PEP blocks) address map 

The PEP blocks are addressed via the PCU. From Figure 14, the PCU mapped registers are in the range 
Ox002AJX)00 to 0x002 AJBFFF. From Table 1 1 it can be seen that there are 12 sub-blocks within the PCU 
address space. Therefore, only four bits are necessary to address each of the sub-blocks within the PEP 
part of SoPEC. A further 12 bits may be used to address any configurable register within a PEP block. This 
gives scope for 1024 configurable registers per sub-block (the PCU mapped registers are all 32-bit 
addressed registers so the upper 10 bits are required to individually address them). This address will come 
either from the CPU or from a command stored in DRAM. The bus is assembled as follows: 

• address[!5:12] = sub-block address, 

• address[n:2] ~ register address within sub-block, only the number of bits required to decode the regis- 
ters within each sub-block are used, 

• address [1 :0] « byte address, unused as PCU mapped registers are all 32-bit addressed registers. 

So for the case of the HCU, its addresses range from 0x7000 to 0x7FFF within the PEP subsystem or from 
Ox002A_7000 to Ox002AJ7FFFF in the overall system. 



Table 11. PEP blocks address map 



wmmmmmmmmmimm 


PCLLbase 


Ox002A_0000 


CDU.base 


Ox002A_1000 


CFU_baae 


Ox002A_2000 


LBD_base 


OxO02A_300O 


SFlLoase 


0x002/^4000 


TE_base 


0xO02A_5000 


TFlLbase 


0xO02A_6O00 


HClLbase 


0x002A_7000 


DNC__base 


Ox002A_8000 


DWU_base 


0x002A_9000 


LLLLbase 


0xOO2A_A000 


PHLbase 


OxOO2A_B0O0 to 0x002A_BFFF 
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9.6 



Buffer management in SoPEC 



As outlined in Section 9.1, SoPEC has a requirement to print 1 side every 2 seconds i.e. 30 sides 
minute. 



Approximately 2 Mbytes of DRAM are reserved for compressed page buffering in SoPEC. If a page is 
compressed to fit within 2 Mbyte then a complete page can be transferred to DRAM before printing. How- 
ever, the time to transfer 2 Mbyte using USB 1.1 is approximately 2 seconds. The worst case cycle time to 
print a page then approaches 4 seconds. This reduces the worst-case print speed to 1 5 pages per minute. 



The SoPEC page-expansion blocks support the notion of page banding. The page can be divided into 
bands and another band can be sent down to SoPEC while we are printing the current band. 

Therefore we can start printing once at least one band has been downloaded. 

The band size granularity should be carefully chosen to allow efficient use of the USB bandwidth and 
DRAM buffer space. It should be small enough to allow seamless 30 sides per minute printing but not so 
small as to introduce excessive CPU overhead in orchestrating the data transfer and parsing the band head- 
ers. Band-finish interrupts have been provided to notify the CPU of free buffer space. It is likely that the 
Host PC will supervise the band transfer and buffer management instead of the SoPEC CPU. 

If SoPEC starts printing before the complete page has been transferred to memory there is a risk of a buffer 
underrun occurring if subsequent bands are not transferred to SoPEC in time e.g. due to insufficient USB 
bandwidth caused by another USB peripheral consuming USB bandwidth. A buffer underrun occurs if a 
line synchronisation pulse is received before a line of data has been transferred to the printhead and causes 
the print job to fail at that line. If there is no risk of buffer underrun then printing can safely start once at 
least one band has been downloaded. 

If there is a risk of a buffer underrun occurring due to an interruption of compressed page data transfer, 
then the safest approach is to only start printing once we have loaded up the data for a complete page. This 
means that a worst case latency in the region of 2 seconds (with USB 1.1) will be incurred before printing 
the first page. Subsequent pages will take 2 seconds to print giving us the required sustained printing rate 
of 30 sides per minute. 

A Storage SoPEC (Section 7.2.5) could be added to the system to provide guaranteed bandwidth data 
delivery. The print system could also be constructed using an ISI-Bridge chip (Section 7.2.6) to provide 
guaranteed data delivery. 

The most efficient page banding strategy is likely to be determined on a per page/ print job basis and so 
SoPEC will support the use of bands of any size. 



9.6.1 



Page buffering 



9.6.2 



Band buffering 
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10 SoPEC Use Cases 

10.1 Introduction 

This chapter is intended to give an overview of a representative set of scenarios or use cases which SoPEC 
can perform, SoPEC is by no means restricted to the particular use cases described here. 

In this chapter we discuss SoPEC use cases under four headings: 

1) Normal operation use cases. 

2) Security use cases. 

3) Miscellaneous use cases. 

4) Failure mode use cases. 

Use cases for both single and multi-SoPEC systems are outlined. 
Some tasks may be composed of a number of sub-tasks. 

The realtime requirements for SoPEC software tasks are discussed in "Central Processing Unit (CPU)" 
under Section 1 1 .3 Realtime requirements. 

10.2 Normal operation in a single SoPEC System with USB Host connection 

SoPEC operation is broken up into a number of sections which are outlined below. Buffer management in 
a SoPEC system is normally performed by the Host. 

10.2.1 Powerup 

Powerup describes SoPEC initialisation following an external reset or the watchdog timer system reset. 
A typical powerup sequence is: 

1) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

j 3) Basic configuration of CPU peripherals, SCB and DIU. DRAM initialisation. USB Wakeup. 

I 4) Download and authentication of program (see Section 10.5.2). 

5) Store reusable authentication results in Power-Safe Storage (PSS). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRINTER_QA and authenticate operating parameters. 

8) Download and authenticate any further datasets. 

10.2.2 USB wakeup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
(chapter 16). Normally the CPU sub-system and the DRAM will be put in sleep mode but the SCB and 
power-safe storage (PSS) will still be enabled 

Wakeup describes SoPEC recovery from sleep mode with the SCB and power-safe storage (PSS) still 
enabled. In a single SoPEC system, wakeup can be initiated following a USB reset from the SCB. 
A typical USB wakeup sequence is: 

1) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

I 3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation, if required. 
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I 4 ) Download and authentication of program using results in Power-Safe Storage (PSS) (see Section 

10.5.2). 

5) Execution of program from DRAM. 

6) Retrieve operating parameters from PRINTER_QA and authenticate operating parameters. 

7) Download and authenticate using results in PSS of any further datasets (programs). 



10.2.3 Print initialization 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via Q A chips. 

2) Download static data e.g. dither matrices, dead nozzle tables from Host to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. 

4) Initiate printhead pre-heat sequence, if required 

10.2.4 First page download 

Buffer management in a SoPEC system is normally performed by the Host. 
First page, first band download and processing: 

1) The Host communicates to the SoPEC CPU over the USB to check that DRAM space remaining is 
sufficient to download the first band. 
| 2) The Host downloads the first band (with the page header) to DRAM. 

3) When the complete page header has been downloaded the SoPEC CPU processes the page header, 
| calculates PEP register commands and writes directly to PEP registers or to DRAM. 

4) If PEP register commands have been written to DRAM, execute PEP commands from DRAM via 
PCU. 

Remaining bands download and processing: 

1) Check DRAM space remaining is sufficient to download the next band. 

2) Download the next band with the band header to DRAM. 

3) When the complete band header has been downloaded, process the band header according to 
whichever band-related register updating mechanism is being used. 

10.2.5 Start printing 

1) Wait until at least one band of the first page has been downloaded. 

One approach is to only start printing once we have loaded up the data for a complete page. If we 
start printing before the complete page has been transferred to memory we run the risk of a buffer 
underrun occurring because compressed page data was not transferred to SoPEC in time e.g. due to 
insufficient USB bandwidth caused by another USB peripheral consuming USB bandwidth. 

2) Start all the PEP Units by writing to their Co registers, via PCU commands executed from DRAM 
or direct CPU writes. A rapid startup order for the PEP units is outlined in Table 1 2. 



Table 12. Typical PEP Unit startup order for printing a page. 



31§0 




1 


DNC 


2 


DWU 


3 


HCU 
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mm 


mmmmmmmmmmmmimM 


4 


PHI 


5 


LLU 


6 


CFU, SFU. TFU 


7 


CDU 


8 


TE, LBD 



3) Print ready interrupt occurs (from PHI). 

4) Start motor control, if first page, otherwise feed the next page. This step could occur before the print 
ready interrupt. 

5) Drive LEDs, monitor paper status. 

6) Wait for page alignment via page sensor(s) GPIO interrupt 

7) CPU instructs PHI to start producing line syncs and hence commence printing, or wait for an exter- 
nal device to produce line syncs. 

8) Continue to download bands and process page and band headers for next page. 

10.2.6 Next page(s) download 

As for first page download, performed during printing of current page. 

10.2.7 Between bands 

When the finished band flags are asserted band related registers in the CDU, LBD, TE need to be re-pro- 
grammed before the subsequent band can be printed. This can be via PCU commands from DRAM. Typi- 
cally only 3-5 commands per decompression unit need to be executed. These registers can also be 
reprogrammed directly by the CPU or most likely by updating from shadow registers. The finished band 
flag interrupts the CPU to tell the CPU that the area of memory associated with the band is now free. 

10.2.8 During page print 

Typically during page printing ink usage is communicated to the QA chips. 

1) Calculate ink printed (from PHI). 

2) Decrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better performed while the 
page is being printed rather than at the end of the page. 

10.2.9 Page finish 

These operations are typically performed when the page is finished: 

1) Page finished interrupt occurs from PHI. 

2) Shutdown the PEP blocks by de-asserting their Go registers. A typical shutdown order is defined in 
Table 13. This will set the PEP Unit state-machines to their idle states without resetting their config- 
uration registers. 

3) Communicate ink usage to QA chips, if required. 
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Table 13. End of page shutdown order for PEP Units (TBO). 



BHa3aaaBSgg™iBBsaB5BmB 



1 


PHI (will shutdown by itself In the normal case at the end of a page) 


2 


DWU (shutting this down stalls the DNC and therefore the HCU and above) 


3 


LLU (should already be halted due to PHI at end of last line of page) 


4 


TE (this te the only dot supplier likely to be running, halted by the HCU) 


5 


CDU (this is likely to already be halted due to end of contone band) 


6 


CPU. SFU, TFU, LBD (order unimportant, and should already be halted due to end of 
band) 


7 


HCU. DNC (order unimportant, should already have halted) 



1 0.2.1 0 Start of next page 

These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 

10.2.1 1 End of document 

1) Stop motor control. 

10.2.12 Powerdown 



In this mode SoPEC is no longer powered. 

1) Instruct Host PC via USB that SoPEC is about to power down. 



10.2.13 Sleep 



The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
described in Section 16. 

1) Instruct Host PC via USB that SoPEC is about to sleep. 

2) Put SoPEC into defined sleep mode. 
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10.3 Normal operation in a Multi-SoPEC System - ISIMaster SoPEC 

In a multi-SoPEC system the Host generally manages program and compressed page download to all the 
SoPECs. Inter-SoPEC communication is over the ISI link which will add a latency. 

In the case of a multi-SoPEC system with a USB l.l connection, the SoPEC with the USB connection is 
the ISIMaster. The ISI-bridge chip is the ISIMaster in the case of an ISI-Bridge SoPEC configuration. 

In a multi-SoPEC system one of the SoPECs will be the PrintMaster. This SoPEC must manage and con- 
trol sensors and actuators e.g. motor control. These sensors and actuators could be distributed over all the 
SoPECs in the system. An ISIMaster SoPEC may also be the PrintMaster SoPEC. 

In a multi-SoPEC system each printing SoPEC will generally have its own PRINTER^QA chip (or at least 
access to a PRINTER_QA chip that contains the SoPECs SOPEC_id_key) to validate operating parame- 
ters and ink usage. The results of these operations may be communicated to the PrintMaster SoPEC. 
In general the ISIMaster may need to be able to: 

• Send messages to the ISISIaves which will cause the ISISlaves to send their status to the ISIMaster. 

• Instruct the ISISIaves to perform certain operations. 

As the ISI is an insecure interface commands issued over the ISI are regarded as user mode commands. 
Supervisor mode code running on the SoPEC CPUs will allow or disallow these commands. The software 
protocol needs to be constructed with this in mind. 

Existing requirements indicate that it is sufficient for the ISIMaster to initiate all communication with the 
ISISIaves. 

SoPEC operation is broken up into a number of sections which are outlined below. 
10.3.1 Powerup 

Powerup describes SoPEC initialisation following an external reset or the watchdog timer system reset. 

1) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

3) Basic configuration of CPU peripherals, SCB and DIU. DRAM initialisation USB Wakeup 

4) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

5) Download and authentication of program (see Section 1 0.5.3). 

6) Store reusable cryptographic results in Power-Safe Storage (PSS). 

7) Execution of program from DRAM. 

8) Retrieve operating parameters from PRINTER_QA and authenticate operating parameters. 

9) Download and authenticate any further datasets (programs). 

10) The initial dataset may be broadcast to all the ISISIaves. 

1 1) ISIMaster master SoPEC then waits for a short time to allow the authentication to take place on the 
ISISlave SoPECs. 

12) Each ISISlave SoPEC is polled for the result of its program code authentication process. 

13) If all ISISIaves report successful authentication the OEM code module can be distributed and 
authenticated. OEM could will most likely reside on one SoPEC. 

10.3.2 USB wakeup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[16]. Normally the CPU sub-system and the DRAM will be put in sleep mode but the SCB and power-safe 
storage (PSS) will still be enabled. 
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Wakeup describes SoPEC recovery from sleep mode with the SCB and power-safe storage (PSS) still 
enabled. For an ISIMaster SoPEC, wakeup can be initiated following a USB reset from the SCB. 
A typical USB wakeup sequence is: 

1 ) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation, if required. 

4) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

5) Download and authentication of program using results in Power-Safe Storage (PSS) (see Section 
10.5.3). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRJNTER_QA and authenticate operating parameters. 

8) Download and authenticate any further datasets (programs) using results in Power-Safe Storage 
(PSS) (see Section 10.5.3). 

9) Following steps as per Powerup. 

10.3.3 Print initialization 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via QA chips which may be present on a ISISIave SoPEC. 

2) Download static data e.g. dither matrices, dead nozzle tables from Host to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. Instruct I SIS laves to also perform this operation. 

4) Initiate printhead pre-heat sequence, if required. Instruct ISISlaves to also perform this operation 



10.3.4 First page download 

Buffer management in a SoPEC system is normally performed by the Host. 

1) The Host communicates to the SoPEC CPU over the USB to check that DRAM space remaining is 
sufficient to download the first band. 

2) The Host downloads the first band (with the page header) to DRAM. 

3) When the complete page header has been downloaded the SoPEC CPU processes the page header, 
calculates PEP register commands and write directly to PEP registers or to DRAM. 

4) If PEP register commands have been written to DRAM, execute PEP commands from DRAM via 
PCU. 

Poll ISISlaves for DRAM status and download compressed data to ISISlaves. 
Remaining first page bands download and processing: 

1 ) Check DRAM space remaining is sufficient to download the next band. 

2) Download the next band with the band header to DRAM. 

3) When the complete band header has been downloaded, process the band header according to 
whichever band-related register updating mechanism is being used. 

Poll ISISlaves for DRAM status and download compressed data to ISISlaves. 

10.3.5 Start printing 

1) Wait until at least one band of the first page has been downloaded. 

2) Start all the PEP Units by writing to their Co registers, via PCU commands executed from DRAM 
or direct CPU writes, in the suggested order denned in Table 12. 

3) Print ready interrupt occurs (from PHI). Poll ISISlaves until print ready interrupt. 
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4) Start motor control (which may be on an ISISlaves SoPEC), if first page, otherwise feed the next 
page. This step could occur before the print ready interrupt. 

5) Drive LEDS, monitor paper status (which may be on an ISISlaves SoPEC). 

6) Wait for page alignment via page sensor(s) GPIO interrupt (which may be on an ISISlaves SoPEC). 

7) CPU instructs PHI to start producing master line syncs, or wait for an external device to produce 
line syncs. 

8) Continue to download bands and process page and band headers for next page. 

10.3.6 Next page(s) download 

As for first page download, performed during printing of current page. 

10.3.7 Between bands 

When the finished band flags are asserted band related registers in the CDU, LBD and TE need to be re- 
programmed. This can be via PCU commands from DRAM. Typically only 3-5 commands per decom- 
pression unit need to be executed. These registers can also be reprogrammed directly by the CPU or by 
updating from shadow registers. The finished band flag interrupts to the CPU, tell the CPU that the area of 
memory associated with the band is now free. 



10.3.8 During page print 

Typically during page printing ink usage is communicated to the QA chips. 

1) Calculate ink printed (from PHI). 

2) Decrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better performed while the 
page is being printed rather than at the end of the page. 



10.3.9 Page finish 

These operations are typically performed when the page is finished: 

1) Page finished interrupt occurs from PHI. Poll ISISlaves for page finished interrupts. 

2) Shutdown the PEP blocks by de-asserting their Go registers in the suggested order in Table 1 3. This 
will set the PEP Unit state-machines to their startup states. 

3) Communicate ink usage to QA chips, if required. 



10.3.10 Start of next page 

These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 



1 0.3.1 1 End of docu ment 

I) Stop motor control. This may be on an ISISIave SoPEC. 

10.3.12 Powerdown 

In this mode SoPEC is no longer powered. 

1) Instruct Host PC via USB that SoPEC system is about to power down. 

2) Instruct ISISIave SoPECs to powerdown. 

3) Powerdown ISIMaster SoPEC. 
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10.3.13 Sleep 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[16]. 

1) Instruct Host PC via USB which parts of SoPEC system are about to sleep. 

2) Put defined SoPECs into defined sleep modes. 
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10.4 Normal operation in a Multi-SoPEC System - ISISlave SoPEC 

This section the outline typical operation of an ISISlave SoPEC in a multi-SoPEC system. The ISIMaster 
can be another SoPEC or an ISI-Bridge chip. The ISISlave communicates with the Host via the ISIMaster. 
Buffer management in a SoPEC system is normally performed by the Host. 

10.4.1 Powerup 

Powerup describes SoPEC initialisation following an external reset or the watchdog timer system reset. 

A typical powerup sequence is: 

1) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

3) Basic configuration of CPU peripherals, SCB and DIU. DRAM initialisation. 

4) Download and authentication of program (see Section 10.5.3). 

5) Store reusable cryptographic results in Power-Safe Storage (PSS). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRINTER_QA and authenticate operating parameters. 

8) SoPEC identification by sampling GPIO pins to determine ISIId. Communicate ISIId to ISIMaster. 

9) Download and authenticate any further datasets. 

10.4.2 ISIwakeup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[16]. Normally the CPU sub-system and the DRAM will be put in sleep mode but the SCB and power-safe 
storage (PSS) will still be enabled. 

Wakeup describes SoPEC recovery from sleep mode with the SCB and power-safe storage (PSS) still 
enabled: In an ISISlave SoPEC, wakeup can be initiated following an ISI reset from the SCB. 

A typical ISI wakeup sequence is: 

1 ) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation, if required. 

4) Download and authentication of program using results in Power-Safe Storage (PSS) (see Section 
10.5.3). 

5) Execution of program from DRAM. 

6) Retrieve operating parameters from PRINTER_QA and authenticate operating parameters. 

7) SoPEC identification by sampling GPIO pins to determine ISIId. Communicate ISIId to ISIMaster. 

8) Download and authenticate any further datasets. 

10.4.3 Print initialization 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via QA chips. 

2) Download static data e.g. dither matrices, dead nozzle tables from ISIMaster to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. 

4) Initiate printhead pre-heat sequence, if required. 
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10.4.4 First page download 

Buffer management in a SoPEC system is normally performed by the Host via the ISIMaster. 

1) Check DRAM space remaining is sufficient to download the first band 

2) The Host downloads the first band (with the page header) to DRAM via the ISIMaster. 

3) When the complete page header has been downloaded, process the page header, calculate PEP reg- 
ister commands and write directly to PEP registers or to DRAM. 

4) If PEP register commands have been written to DRAM, execute PEP commands from DRAM via 
PCU. 

Remaining first page bands download and processing: 

1 ) Check DRAM space remaining is sufficient to download the next band. 

2) The Host downloads the first band (with the page header) to DRAM via the ISIMaster. 

3) When the complete band header has been downloaded, process the band header according to 
whichever band-related register updating mechanism is being used. 

10-4.5 Start printing 

1 ) Wait until at least one band of the first page has been downloaded. 

2) Start all the PEP Units by writing to their Go registers, via PCU commands executed from DRAM 
or direct CPU writes, in the order defined in Table 12. 

3) Print ready interrupt occurs (from PHI). Communicate to ISIMaster via ISI link. 

4) Start motor control, if attached to this ISISlave, when requested by ISIMaster, if first page, other- 
wise feed next page. This step could occur before the print ready interrupt 

5) Drive LEDS, monitor paper status, if on this ISISlave SoPEC, when requested by ISIMaster 

6) Wait for page alignment via page sensor(s) GPIO interrupt, if on this ISISlave SoPEC, and send to 
ISIMaster. 

7) Wait for line sync and commence printing. 

8) Continue to download bands and process page and band headers for next page. 

10.4.6 Next page(s) download 

As for first band download, performed during printing of current page. 

10.4.7 Between bands 

When the finished band flags are asserted band related registers in the CDU, LBD and TE need to be re- 
programmecL This can be via PCU commands from DRAM. Typically only 3-5 commands per decom- 
pression unit need to be executed. These registers can also be reprogrammed directly by the CPU or by 
updating from shadow registers. The finished band flag interrupts to the CPU tell the CPU that the area of 
memory associated with the band is now free. 



10.4.8 During page print 

Typically during page printing ink usage is communicated to the QA chips. 

1) Calculate ink printed (from PHI). 

2) Decrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better performed while the 
page is being printed rather than at the end of the page. 
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10.4.9 Page finish 



These 
I) 
2) 



operations are typically performed when the page is finished: 

Page finished interrupt occurs from PHI. Communicate page finished interrupt to ISIMaster. 
Shutdown the PEP blocks by de-asserting their Go registers in the suggested order in Table 13. This 
will set the PEP Unit state-machines to their startup states. 
Communicate ink usage to QA chips, if required. 



3) 



10.4.10 Start of next page 



These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 



10.4.1 1 End of document 

Stop motor control, if attached to this ISISlave, when requested by ISIMaster. 

1 0.4.1 2 Powerdown 

In this mode SoPEC is no longer powered. 

1 ) Powerdown ISISlave SoPEC when instructed by ISIMaster. 

10.4.13 Sleep 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 



[16]. 



1) Put SoPEC into defined sleep modes. 
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10.5 Security Use Cases 

Please see the 'SoPEC Security Overview' [9] document for a more complete description of SoPEC secu- 
rity issues. The SoPEC boot operation is described in the ROM chapter of the SoPEC hardware design 
specification, Section 17.2, 

10.5.1 Communication with the OA chips 

Communication between SoPEC and the QA chips (i.e. INK_QA and PRJNTER.QA) will 1 take place on 
at least a per power cycle and per page basis. Communication with the QA chips has three principal pur- 
poses: validating the presence of genuine QA chips (i.e the printer is using approved consumables), valida- 
tion of the amount of ink remaining in the cartridge and authenticating the operating parameters for the 
printer. After each page has been printed, SoPEC is expected to communicate the number of dots fired per 
ink plane to the QA chipset. SoPEC may also initiate decoy communications with the QA chips from time 
to time. 

Process: 

• When validating ink consumption SoPEC is expected to principally act as a conduit between the 
PRINTER.QA and INK_QA chips and to take certain actions (basically enable or disable printing and 
report status to Host PC) based on the result The communication channels are insecure but all traffic is 
signed to guarantee authenticity. 

Known Weaknesses 

• All communication to the QA chips is over the LSS interfaces using a serial communication protocol 
This is open to observation and so the communication protocol could be reverse engineered. In this 
case both the PRINTER.QA and INK_QA chips could be replaced by impostor devices (e.g. a single 
FPGA) that successfully emulated the communication protocol. As this would require physical modifi- 
cation of each printer this is considered to be an acceptably low risk. Any messages that are not signed 
by one of the symmetric keys (such as the SoPEC Jdjcey) could be reverse engineered. The imposter 
device must also have access to the appropriate keys to crack the system. 

■ If the secret keys in the QA chips are exposed or cracked then the system, or parts of it, is compro- 
mised. 

Assumptions: 

II] The QA chips are not involved in the authentication of downloaded SoPEC code 

[2J The Q A chip in the ink cartridge (INK_QA) does not directly affect the operation of the cartridge in 

any way i.e. it does not inhibit the flow of ink etc. 
13 J The INK.QA and PRINTER^QA chips are identical in their virgin state. They only become a 

INK^QA or PRJNTER.QA after their FlashROM has been programmed. 



10.5.2 Authentication of downloaded code in a single SoPEC system 
Process: 

1) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

2) The program is downloaded to the embedded DRAM. 

3) the CPU calculates a SHA-1 hash digest of the downloaded program. 

4) The ResetSrc register in the CPR block is read to determine whether or not a power-on reset 
occurred. 

5) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signature is the expected SHA-I hash of the 

accompanying program. The encryption algorithm is likely to be a public key algorithm such as 
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RSA. If a power-on reset did not occur then the expected SHA-1 hash is retrieved from the PSS and 
the compute intensive decryption is not required. 

6) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified. 

7) If the hash values do not match then the Host PC is notified of the failure and software may decide 
to put the SoPEC device into powerdown mode. 

8) If the hash values match then the CPU starts executing the downloaded program. 

9) If, as is very likely, the downloaded program wishes to download subsequent programs (such as 
OEM code) it is responsible for ensuring the authenticity of everything it downloads. The down- 
loaded program may contain public keys that are used to authenticate subsequent downloads, thus 
forming a hierarchy of authentication. The SoPEC ROM does not control these authentications - it 
is solely concerned with verifying that the first program downloaded' has come from a trusted 
source. 

10) At some subsequent point OEM code starts executing. The Silverbrook supervisor code acts as an 
O/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

1 l)The OEM code is expected to perform some simple 4 turn on the lights' tasks after which the Host 
PC is informed that the printer is ready to print and the Start Printing use case comes into play. 

Known Weaknesses: 

• If the Silverbrook private bootOkey is exposed or cracked then the system is seriously compromised. A 
ROM mask change would be required to reprogram the bootOkey. 

10.5.3 Authentication of downloaded code in a multi-SoPEC system 

10.5.3.1 ISiMaster SoPEC Process: 

1) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

2) The SCB is configured to broadcast the data received from the Host PC. 

3) The program is downloaded to the embedded DRAM and broadcasted to all ISISlave SoPECs over 
thelSI. 

4) The CPU calculates a SHA-1 hash digest of the downloaded program. 

5) The ResetSrc register in the CPR block is read to determine whether or not a power-on reset 
occurred. 

6) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signature is the expected SHA-1 hash of the 
accompanying program. The encryption algorithm is likely to be a public key algorithm such as 
RSA. If a power-on reset did not occur then the expected SHA-1 hash is retrieved from the PSS and 
the compute intensive decryption is not required. 

7) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified. 

8) If the hash values do not match then the Host PC is notified of the failure and software may decide 
to put the SoPEC device into powerdown mode. 

9) If the hash values match then the CPU starts executing the downloaded program. 

1 0) It is likely that the downloaded program will poll each ISISlave SoPEC for the result of its authenti- 
cation process and to determine the number of slaves present. 

1 1) If any slave reports a failed authentication then the ISIMaster communicates this to the Host PC and 
puts itself into powerdown mode. 
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12) If all ISISlaves report successful authentication then the downloaded program is responsible for the 
downloading, authentication and distribution of subsequent programs within the muIti-SoPEC sys- 
tem. 

13) At some subsequent point OEM code starts executing. The Silverbrook supervisor code acts as an 
O/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

14) The OEM code is expected to perform some simple 4 turn on the lights' tasks after which the master 
SoPEC determines that all SoPECs are ready to print. The Host PC is informed that the printer is 
ready to print and the Start Printing use case comes into play. 



10.5.3.2 iSISiave SoPEC Process: 

1) When the CPU comes out of reset the SCB should still be in slave mode, and the SCB is already 
configured to receive data from the ISIMaster. 

2) The program is downloaded to embedded DRAM. 

3) The CPU calculates a SHA-1 hash digest of the downloaded program. 

4) The ResetSrc register in the CPR block is read to determine whether or not a power-on reset 
occurred 

5) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signature is the expected SHA-1 hash of the 
accompanying program. The encryption algorithm is likely to be a public key algorithm such as 
RSA. If a power-on reset did not occur then the expected SHA-1 hash is retrieved from the PSS and 
the compute intensive decryption is not required 

6) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified 

7) If the hash values do not match, then the ISISiave device will await a new program again, eventu- 
ally timing out and powering down. 

8) If the hash values match then the CPU starts executing the downloaded program. 

9) It is likely that the downloaded program will communicate the result of its authentication process to 
the ISIMaster. The downloaded program is responsible for detennining the SoPECs ISlld, receiving 
and authenticating any subsequent programs. 

10) At some subsequent point OEM code starts executing. The Silverbrook supervisor code acts as an 
O/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

1 1) The OEM code is expected to perform some simple *tum on the lights* tasks after which the master 
SoPEC is informed that this slave is ready to print. The Start Printing use case then comes into play 

Known Weaknesses 

• If the Silverbrook private bootOkey is exposed or cracked then the system is seriously compromised 

• ISI is an open interface i.e. messages sent over the ISI are in the clear. The communication channels 
are insecure but all traffic is signed to guarantee authenticity. As all communication over the ISI is con- 
trolled by Supervisor code on both the ISIMaster and ISISiave then this also provides some protection 
against software attacks. 
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10.5.4 Authentication and upgrade of operating parameters for a printer 



The SoPEC IC will be used in a range of printers with different capabilities (e.g. A3/A4 printing, printing 
speed, resolution etc.). It is expected that some printers will also have a software upgrade capability which 
would allow a user to purchase a license that enables an upgrade in their printer's capabilities (such as 
print speed). To facilitate this it must be possible to securely store the operating parameters in the 
PRINTER_QA chip, to securely communicate these parameters to the SoPEC and to securely reprogram 
the parameters in the event of an upgrade. Note that each printing SoPEC (as opposed to a SoPEC that is 
only used for the storage of data) will have its own PRJNTER_QA chip (or at least access to a 
PRJNTER_QA that contains the SoPECs SoPEC_idJcey). Therefore both ISIMaster and ISISlave 
SoPECs will need to authenticate operating parameters. 



1) Program code is downloaded and authenticated as described in sections 10.5.2 and 10.5.3 above. 

2) The program code has a function to create the SoPEC_id_key from the unique SoPEC_id that was 
programmed when the SoPEC was manufactured. 

3) The SoPEC retrieves the signed operating parameters from its PRINTER_QA chip. The 
PRINTER^QA chip uses the SoPEC Jdjcey (which is stored as part of the pairing process exe- 
cuted during printhead assembly manufacture & test) to sign the operating parameters which are 
appended with a random number to thwart replay attacks. 

4) The SoPEC checks the signature of the operating parameters using its SoPEC_id_key. If this signa- 
ture authentication process is successful then the operating parameters are considered valid and the 
overall boot process continues. If not the error is reported to the Host PC. 

5) Operating parameters may also be set or upgraded using a second key, the PrintEngineLicenseJcey, 
which is stored on the PRINTEI^QA and used to authenticate the change in operating parameters. 

Known Weaknesses: 

• It may be possible to retrieve the unique SoPEC_id by placing the SoPEC in test mode and scanning it 
out. It is certainly possible to obtain it by reverse engineering the device. Either way the SoPEC_id 
(and by extension the SoPEC_id_kcy) so obtained is valid only for that specific SoPEC and so printers 
may only be compromised one at a time by parties with the appropriate specialised equipment. Fur- 
thermore even if the SoPEC_id is compromised, the other keys in the system, which protect the 
authentication of consumables and of program code, are unaffected. 



Process: 
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S3 



10.6 Miscellaneous Use Cases 

There are many miscellaneous use cases such as the following examples. Software running on the SoPEC 
CPU or Host will decide on what actions to take in these scenarios. 

10.6.1 Disconnect / Re-connect of OA chips. 

1) Disconnect of a QA chip between documents or if ink runs out mid-document. 

2) Re-connect of a QA chip once authenticated e.g. ink cartridge replacement should allow the system 
to resume and print the next document 

10.6.2 Page arrives before print ready interrupt. 

1) Engage clutch to stop paper until print ready interrupt occurs. 

10.6.3 Dead-nozzle table upgrade 

This sequence is typically performed when dead nozzle information needs to be updated by performing a 
printhead dead nozzle test. 

1) Run printhead nozzle test sequence 

2) Either Host or SoPEC CPU converts dead nozzle information into dead nozzle table. 

3) Store dead nozzle table on Host 

4) Write dead nozzle table to SoPEC DRAM. 
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10.7 



Failure Mode Use Cases 



10.7.1 



System errors and security violations 



System errors and security violations are reported to the SoPEC CPU and Host. Software running on the 
SoPEC CPU or Host will then decide what actions to take. 

Silverbrook code authentication failure. 

1) Notify Host PC of authentication failure. 

2) Abort print run. 

-OEM code authentication failure. 

1 ) Notify Host PC of authentication failure. 

2) Abort print run. 

Invalid QA chip(s). 

1) Report to Host PC. 

2) Abort print run. 

MMU security violation interrupt. * 

1) This is handled by exception handler. 

2) Report to Host PC 

3) Abort print run. 

Invalid address interrupt from PCU. 

1) This is handled by exception handler. 

2) Report to Host PC. 

3) Abort print run. 

Watchdog timer interrupt. 

1) This is handled by exception handler. 

2) Report to Host PC. 

3) Abort print run. 

Host PC does not acknowledge message that SoPEC is about to power down. 
1) Power down anyway. 



Printing errors are reported to the SoPEC CPU and Host. Software running on the Host or SoPEC CPU 
will then decide what actions to take. 



Insufficient space available in SoPEC compressed band-store to download a band 
1) Report to the Host PC. 

Insufficient ink to print. 
1) Report to Host PC. 

Page not downloaded in time while printing. 

1) Buffer underrun interrupt will occur. 

2) Report to Host PC and abort print run. 

JPEG decoder error interrupt. 
1) Report to Host PC. 



10.7.2 Printing errors 
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CPU Subsystem 
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11 Central Processing Unit (CPU) 

11.1 Overview 

The CPU block consists of the CPU core, MMU, cache and associated logic. The principal tasks for the 
program running on the CPU to fulfill in the system are: 

Communications: 

• Control the flow of data from the USB interface to the DRAM and ISI 

• Communication with the host via USB or ISI 

• Running the USB device driver 
PEP Subsystem Control: 

• Page and band header processing (may possibly be performed on host PC) 

• Configure printing options on a per band, per page, per job or per power cycle basis 

• Initiate page printing operation in the PEP subsystem 

• Retrieve dead nozzle information from the printhead interface (PHI) and forward to the host PC 

• Select the appropriate firing pulse profile from a set of predefined profiles based on the printhead 
characteristics 

• Retrieve printhead temperature via the PHI 
Security: 

• Authenticate downloaded program code and printer operating parameters 

• Authenticate consumables via the PRINTER^QA and INK_QA chips 

• Monitor ink usage 

• Isolation of OEM code from direct access to the system resources 
Other: 

• Drive the printer motors using the GPIO pins 

• Monitoring the status of the printer (paper jam, tray empty etc.) 

• Driving front panel LEDs 

• Perform post-boot initialisation of the SoPEC device 

• Memory management (likely to be in conjunction with the host PC) 

• Miscellaneous housekeeping tasks 

To control the Print Engine Pipeline the CPU is required to provide a level of performance at least equiva- 
lent to a 16-bit Hitachi H8-3664 microcontroller rurining at 16 MHz. An as yet undetermined amount of 
additional CPU performance is needed to perform the other tasks. The extra performance required is dom- 
inated by the signature verification task and the SCB (including the USB) management task. An operating 
system is not required at present. A number of CPU cores have been evaluated and the LEON PI 754 is 
considered to be the most appropriate solution. A diagram of the CPU block is shown in Figure 15 below. 
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AHB Controller 



AHB Interface 
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Figure 15. CPU block diagram 
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j 11 .2 Definitions of I/Os 

I Table 14. CPU Subsystem l/Os 





MB 


mm 




Clocks and Resets 




prst_n 


1 


In 


Global reset. Synchronous to pclk, active low. 


pcfk 


1 


In 


Global clock 


CPU to DIU DRAM Interface 


cpu_adr[21 :0) 


22 


Out 


Address bus for both ORAM and peripheral access 


cpu_dataout[31 :0] 


32 


Out 


Data out to both ORAM and peripheral devices. This should be 
driven at the same time as the cpu_aoV and request signals. 


dram_cpu_data(255:0] 


266 


In 


Read data from the DRAM 


cpu_diu_rreq 




Out 


Read request to the DIU DRAM 


dlu_cpu__rack 




In 


Acknowledge from DIU that read request has been accepted. 


diu_cpu_rvand 




In 


Signal from DIU telling SoPEC Unit that valid read data is on the 
dram_cpujdata bus 


cpu_diu_wreq 




Out 


Write request to the DIU 


dhj_cpu__wack 




In 


Acknowledge from the DIU that the write request has been 
accepted 


cpu_diu_wvalid 


1 


Out 


Signal from the CPU to the DIU indicating that the data currently on 
the cpu_dataout bus Is valid 


cpu_diu_wmaskfl .-0] 


2 


Out 


Flag indicating format of CPU write to DRAM 
cpv_dfu__wmask ~ 00: 8-bJt write 
* cpu_diu_wmask = 01 : 16-bit write 
cpu__diu_wmask= 10: 32-bit write 
cpu_diu_wmask = 1 1 : reserved 

cpu_adft2:0] are driven In accordance with the width of the data 
access indicated by cpu_diu_ wmask. Addresses cannot cross a 
256-bit word DRAM boundary. 


CPU to peripheral blocks ! 


cpu_rwn 


1 


Out 


Common read/not-write signal from the CPU 


cpu_acode{1.-0] 


2 


Out 


CPU access code signals. 

cpu_acode[0J - Program (0) / Data (1) access 

cpu_acode[1I - User (0) / Supervisor (1) access 


cpu_cpr_sel 


1 


Out 


CPR block select 


cpr_cpu_rdy j 


1 


In 


Ready signal to the CPU. When cprjcpujrdy is high it indicates the 
last cycle of the access. For a write cycle this means cpu_dataout 
has been registered by the CPR block and for a read cycle this 
means the data on cpr_cpu_data is valid. 


cpr_cpu_berr 


1 


In 


CPR bus error signal to the CPU. 


cpr_cpu_data{3 1 :0] 


32 


In 


Read data bus from the CPR block 


cpu_gplo_sel 


1 


Out 


GPIO block select 


gpio_cpu_rdy 


1 


In 


GPIO ready signal to the CPU. 


gpto_cpu_berr 


1 


In 


GPIO bus error signal to the CPU. 


gpio_cpu_data[31 :0] 


32 


In 


Read data bus from the GPIO block 


cpu_icu_sel 


1 


Out 


ICU block select. 


icu_cpu_rdy 


1 


In 


ICU ready signal to the CPU. 


>cu_cpu_berr 


1 


In 


ICU bus error signal to the CPU. 


•cu_cpu_data|31:0} 


32 


In 


Read data bus from the ICU Wock 
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Table 14. CPU Subsystem i/Os 







»1 


wmmmmmmMmmw, 


rmi let? cal 
G pU_l CKS o tJ 1 




Out 


LSS block select 


Ice rf^i i rs4u 
ls>o t^J u ruy 





In 


LSS ready signal to the CPU. 


iss_cpu_Derr 




In 


LSS bus error signal to the CPU. 


lss_cpu_data(3 1 lO] 


32 


In 


Read data bus from the LSS block 


cpu_pcu_sei 


- 1 


Out 


PCU block select 


pcu_cpu_rdy 


- 1 


In 


PCU ready signal to the CPU. 


pcu_cpu_berr 


1 


In 


PCU bus error signal to the CPU. 


pcu_cpu_data{31 :0J 


32 


In 


Read data bus from the PCU block 


cpu_scb_sel 


1 


Out 


SCB block select 


scb_jcpu_rdy 


1 


In 


SCB ready signal to the CPU. 


scb_cpu_berr 


1 


In 


SCB bus error signal to the CPU. j 


scb_cpu_data(31 .0] 


32 


In 


Read data bus from the SCB block 


cpu_tim_sel 


" 1 


Out 


Timers block select. 


tim_cpu_rdy 


1 


In 


Timers btock ready signal to the CPU. 


tim_cpu_be rr 


1 


In 


Tinners bus error slgnaJ to the CPU. 


tim_cpu_data{3 1 .-0] 


32 


In 


Read data bus from the Timers block 


cpu_rom„sel 




Out 


ROM btock select 


rom_cpu_rdy 




In 


ROM block ready signal to the CPU. 


rorn_cpu_berr 




In 


ROM bus error signal to the CPU. 


rom_cpu_data|31 :0J 




in 


Read data bus from the ROM block 


cpu_pss_sel 




Out 


PSS block select 


pss_cpu_rdy 




In 


PSS btock ready signal to the CPU. 


pss_cpu_berr 




In 


PSS bus error signal to the CPU. 


pss_cpu_data(31 .-0] 




In 


Read data bus from the PSS btock 


cpu_diu_seJ 




Out 


OIU register btock select 


diu_cpu_rdy 




In 


DIU register block ready signal to the CPU. 


diu_cpu_berr 




In 


DIU bus error signal to the CPU. 


dlu_cpu_data(31:0] 


32 


In 


Read data bus from the OIU block 


Interrupt signals 


tau_cpujlevel(3:0] 


3 


In 


An interrupt Is asserted by driving the appropriate priority level on 
icu_cpu_iievoL These signals must remain asserted until the CPU 
executes an Interrupt acknowledge cycle. 


cpu_fcujlevei(3:0] 


3 


Out 


Indicates the level of the interrupt the CPU is acknowledging when j 
cpu_iack \s high 


cpujack 


1 


Out 


Interrupt acknowledge signal. The exact timing depends on the 
CPU core implementation 


Debug signals 


diu_cpu_debug_valid 


1 


In 


Signal indicating the data on the diu_cpu^data bus is valid debug 
data. 


tim_cpu_debug_valid 


1 


In 


Signal Indicating the data on the tim_cpu_data bus is valid debug 
data. 


scb_cpu_debug_vafid 


1 


In 


Signal indicating the data on the scb_cpu_data bus is vafid debug 
data. 
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Table 14. CPU Subsystem i/Os 









pcu_cpu_debug_valid 


1 


In 


vji yj ku iiiuiuauiiy uio U&ul On ulo pCU_ CfJ U_ QSLISL DUS iS VBHQ Q6DU0 

data. 


(ss_cpu_debug_yaJid 


1 


Jn 


Signal indicating the data on the lss_cpu_ttata bus is valid debug 
data. 


»cu_cpu_debug_valid 


1 


In 


Signal Indicating the data on the icu_cpu_data bus is valid debug 
data. 


Qpio_cpu_debug_valid 


1 


In 


Signal indicating the data on the gpio cpu data bus is valid debug 
data. 


cpr_cpu_debug_vaJid 


1 


In 


Signal indicating the data on the cpr_cpu_data bus is valid debug 
data. 


debug_data_out 


18 


Out 


Output debug data to be muxed on to the PHI pins 


debug_data__vaJid 


1 


Out 


Debug valid signal indicating the validity of the data on 
debug_datajout. This signal is used in all debug configurations 


debug_cntrt 


20 


Out 


Control signal for each PHI bound debug data line indicating 
whether or not the debug data should be selected by the pin mux 



11,3 Realtime requirements 

The SoPEC realtime requirements have yet to be fully determined but they may be split into three catego- 
ries: hard, firm and soft 

11.3.1 Hard realtime requirements 

Hard requirements are tasks that must be completed before a certain deadline or failure to do so will result 
in an error perceptible to the user (printing stops or functions incorrectly). There are three hard realtime 
tasks: 

• Motor control: The motors which feed the paper through the printer at a constant speed during 
printing are driven directly by the SoPEC device. Four periodic signals with different phase rela- 
tionships need to be generated to ensure the paper travels smoothly through the printer. The genera- 
tion of these signals is handled by the GPIO hardware (see section .13.2 for more details) but the 
CPU is responsible for enabling these signals (i.e. to start or stop the motors) and coordinating the 
movement of the paper with the printing operation of the printhead. 

• Buffer management: Data enters the SoPEC via the SCB at an uneven rate and is consumed by the 
PEP subsystem at a different rate. The CPU is responsible for managing the DRAM buffers to 
ensure that neither overrun nor underrun occur. This buffer management is likely to be performed 
under the direction of the host. 

• Band processing: In certain cases PEP registers may need to be updated between bands. As the tim- 
ing requirements are most likely too stringent to be met by direct CPU writes to the PCU a more 
likely scenario is that a set of shadow registers will programmed in the compressed page units 
before the current band is finished, copied to band related registers by the finished band signals and 
the processing of the next band will continue immediately. An alternative solution is that the CPU 
will construct a DRAM based set of commands (see section 21 .8.5 for more details) that can be exe- 
cuted by the PCU. The task for the CPU here is to parse the band headers stored in DRAM and gen- 
erate a DRAM based set of commands for the next number of bands. The location of the DRAM 

. based set of commands must then be written to the PCU before the current band has been processed 
by the PEP subsystem. It is also conceivable (but currently considered unlikely) that the host PC 
could create the DRAM based commands. In this case the CPU will only be required to point the 
PCU to the correct location in DRAM to execute commands from. 
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11.3.2 



Firm requirements 

Firm requirements are tasks that should be completed by a certain time or failure to do so will result in a 
degradation of performance but not an error. The majority of the CPU tasks for SoPEC fall into this cate- 
gory including all interactions with the QA chips, program authentication, page feeding, configuring PEP 
registers for a page or job, determining the firing pulse profile, communication of printer status to the host 
over the USB and the monitoring of ink usage. The authentication of downloaded programs and messages 
will be the most compute intensive operation the CPU will be required to perform. Initial investigations 
indicate that the LEON processor, running at 160 MHz, will easily perform three authentications in under 
a second. 



Table 15. Expected firm requirements 




Power-on to start of printing first page [USB and slave SoPEC enumeration/3 or more 
RSA signature verifications, code and compressed page data download and chip Initiali- 
sation] 


- 8 sees ?? 


Wake-up from sleep mode to start printing p or more SHA-1 operations, code and com- 
pressed page data download and chip re-initialisation 


- 2 sees 


Authenticate ink usage in the printer 


-0.5 sees 


Determining firing puise profile 


- 0.1 sees 


Page feeding, gap between pages 


OEM dependent 


Communication of printer status to host PC 


- 10 ms 


Configuring PEP registers 


?? 



11.3-3 



Soft requirements 

Soft requirements are tasks that need to be done but there are oniy light time constraints on when they need 
to be done. These tasks are performed by the CPU when there are no pending higher priority tasks. As the 
SoPEC CPU is expected to be lightly loaded these tasks will mostly be executed soon after they are sched- 
uled. 



11.4 Bus Protocols 

As can be seen from Figure 15 above there are different buses in the CPU block and different protocols are 
used for each bus. There are three buses in operation: 

11.4.1 CPU core to cache/MMU bus 

This is the native bus of the CPU core. See section 1 1 .6.6. 1 for more details. Timing and full signal details 
should be provided in the documentation accompanying this core. 

1 1 .4.2 Cache/MMU to DIU bus 

This bus conforms to the DIU bus protocol described in Section 20.13.2. Note that the address and data 
buses are shared with the peripheral bus. The effective bus width differs between a read (256 bits) and a 
write (32/16/8 bits) and only the bottom 32 bits of the bus are shared with the peripheral bus. As certain 
CPU instructions may require byte write access this will need to be supported in the DIU. See section 
1 1 .6.6.2 for more details. 
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11.4.3 CPU Subsystem Bus 

For access to the on-chip peripherals a simple bus protocol is used. The MMU must first determine which 
particular block is being addressed (and that the access is a valid one) so that the appropriate block select 
signal can be generated. During a write access CPU write data is driven out with the address and block 
select signals in the first cycle of an access. The addressed slave peripheral responds by asserting its ready 
signal indicating that it has registered the write data and the access can complete. The write data bus is 
common to all peripherals and is also used for CPU writes to the embedded DRAM. A read access is initi- 
ated by driving the address and select signals during the first cycle of an access. The addressed slave 
responds by placing the read data on its bus and asserting its ready signal to indicate to the CPU that the 
read data is valid. Each block has a separate point-to-point data bus for read accesses to avoid the need for 
a tri-stateable bus. 

All peripheral accesses are 32-bit. Support for byte or 16-bit accesses may be added if required by an 
imported IP block such as the USB controller. The use of the ready signal allows the accesses to be of vari- 
able length. In most cases accesses will complete in two cycles but three or four (or more) cycles accesses 
are likely for PEP blocks or IP blocks with a different native bus interface. All PEP blocks are accessed via 
the PCU which acts as a bridge. The PCU bus uses a similar protocol to the CPU subsystem bus but with 
the PCU as the bus master. 

The duration of accesses to the PEP blocks is influenced by whether or not the PCU is executing com- 
mands from DRAM. As these commands are essentially register writes the CPU access will need to wait 
until the PCU bus becomes available when a register access has been completed. This could lead to the 
CPU being stalled for up to 4 cycles if it attempts to access PEP blocks while the PCU is executing a com- 
mand. The size and probability of this penalty is sufficiently small to have any significant impact on per- 
formance. 

In order to support user mode (i.e. OEM code) access to certain peripherals the CPU subsystem bus prop- 
agates the CPU function code signals (cpu_acodefJ:OJ). These signals indicate the type of address space 
(i.e. User/Supervisor and Program/Data) being accessed by the CPU for each access. Each peripheral must 
determine whether or not the CPU is in the correct mode to be granted access to its registers and in some 
cases (e.g. Timers and GPIO blocks) different access permissions can apply to different registers within 
the block. If the CPU is not in the correct mode then the violation is flagged by asserting the block's bus 
error signal (bhck_cpujberr) with the same timing as its ready signal (block_cpu_rdy) which remains 
Reasserted. When this occurs invalid read accesses should return 0 and write accesses should have no 
effect 

Figure 16 shows two examples of the peripheral bus protocol in action. A write to the LSS block from 
code running in supervisor mode is successfully completed. This is immediately followed by a read from a 
PEP block via the PCU from code running in user mode. As this type of access is not permitted the access 
is terminated with a bus error. The bus error exception processing then starts directly after this - no further 
accesses to the peripheral should be required as the exception handler should be located in the DRAM. 

Each peripheral acts as a slave on the CPU subsystem bus and its behavior is described by the state 
machine in section 1 1 .4.3 . 1 
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pclk 



cpu_adr[21:0] b^^tSS address 
cpu_rwn 



1 



cpu_acode[1:0] R^sl SupvrData 
cpu_lss_sel 



lss_cpu_rdy 



lss_cpu_berr 



PEP address fc^s^j Supervisor stadj 



User Data fr^^] Supvr Data" 



cpu_pcu_sel 

pcu_cpujDerr 
pcu_cpu_rdy 



J 



J — L 



pcu_cpu_data[31:0] fr^S^S^ 0x0000,0000 | 

Figure 16. CPU bus transactions 

1 1.4.3. 1 CPU subsystem bus siave state machine 

CPU subsystem bus slave operation is described by the state machine in Figure 17. This state machine 
will be implemented in each CPU subsystem bus slave. The only new signals mentioned here are the 
valid_access and regjavailoble signals. The validjiccess is determined by comparing the cpujacode 
value with the block or register (in the case of a block that allow user access on a per register basis such as 
the GPIO block) access permissions and asserting validjaccess if the permissions agree with the CPU 
mode. The reg_available signal is only required in the PCU or in blocks that are not capable of two-cycle 
access (e.g. blocks containing imported IP with different bus protocols). In these blocks the reg_available 
signal is an internal signal used to insert wait states (by delaying the assertion of block_cpu_rdy) until the 
CPU bus slave interface can gain access to the register. 

When reading from a register that is less than 32 bits wide the CPU susystems bus slave should return 
zeroes on the unused upper bits of the block jzpuJLata bus. 

To support debug mode the contents of the register selected for debug observation, debugjreg* are always 
output on the block_cpu_data bus whenever a read access is not taking place. See section 1 1.8 for more 
details of debug operation. 
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pest n = Q 

btock_cpu_rdy « 0 
t>JocK_cpu_befr = 0 
WocK_cpu_data = <Jebug_reg_data 
Mock_cpu_debtig_vaBd ■ 1 

cou Mock fifij ,«Q 
Wock_cpu_data « reg data> 
Wock_cpu_detHjg_valId » 1 



btoc*_cpu. 



block, cpu. 




Figure 17. State machine for a CPU subsystem slave 

11.5 LEON CPU 

The LEON processor is an open-source implementation of the IEEE- 1754 standard (SPARC V8) instruc- 
tion set. LEON is available from and actively supported by Gaisler Research (www.gaisler.com). 

The following features of the LEON-2 processor will be utilised on SoPEC: 



• IEEE- 1 754 (SPARC V8) compatible integer unit with 5-stage pipeline 

• Separate instruction and data cache (Harvard architecure) 

• Set-associative caches: 1-4 sets, 1-64 kbyte/set. Random, LRR or LRU replacement Direct 
mapped cacches are also available and are the more likely option for SoPEC. 

• Full implementation of AMBA-2.0 AHB on-chip bus 

• Power-down mode 

The standard release of LEON incorporates a number of peripherals and support blocks which will not be 
included on SoPEC. The LEON core as used on SoPEC will consist of: 1) the LEON integer unit, 2) pos- 
sibly the instruction and data caches (currently under review), 3) the cache control logic (to be signifi- 
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cantly reduced by optimisation if the caches are not used), 4) the AHB interface and 5) possibly the AHB 
controller (although this functionality may be implemented in the LEON Bridge). 

The version of the LEON database that the SoPEC LEON components will be sourced from is LEON2- 
1.0.8 although later versions may be used if they offer worthwhile functionality or bug fixes that affect the 
SoPEC design. Note that if the LEON caches are not used then we may revert to vl.0.7 of the database as 
the cache control logic is likely to be simpler and easier to optimise away (vl.0.8 introduced support for 
set-associative caching) 

The LEON core will be clocked using the system clock, pclk, and reset using the prst_njsection[l] signal. 
The ICU will assert all the hardware interrupts using the protocol described in section 1 1.9. The particular 
types of SRAMs (for LEON caches) and register files used will be determined during the implementation 
phase. The LEON hardware multipliers are notexpected to be required. Furthermore it is anticipated that 
SoPEC will use the recommended 8 register window configuration 

Further details of the SPARC V8 instruction set and the LEON processor can be found in (32] and [33] 
respectively. 



1 1 .6 Memory Management Unit (MMU) 

Memory Management Units are typically used to protect certain regions of memory from invalid accesses, 
to perform address translation for a virtual memory system and to maintain memory page status (swapped- 
in, swapped-out or unmapped) 

The SoPEC MMU is a much simpler affair whose function is to ensure that all regions of the SoPEC mem- 
ory map are adequately protected. The MMU does not support virtual memory and physical addresses are 
used at all times - the one exception to this is the address translation of the reset vector. The SoPEC MMU 
supports a full 32-bit address space. A proposed memory map is shown in Figure 18 below. 

The MMU selects the relevant bus protocol and generate the appropriate control signals depending on the 
area of memory being accessed The MMU is responsible for performing the address decode and genera- 
tion of the appropriate block select signal as well as the selection of the correct block read bus during a 
read access. The MMU will need to support all of the bus transactions the CPU can produce including 
interrupt acknowledge cycles, aborted transactions etc. 

When an MMU error occurs (such as an attempt to access a supervisor mode only region when in user 
mode) a bus error is generated. While the LEON can recognise different types of bus error (e.g. data store 
error, instruction access error) it appears to handle them in the same manner as it handles all traps i.e it will 
transfer control to a trap handler. No extra state information appears to be stored because of the nature of 
the trap.The location of the trap handler is contained in the TBR (Trap Base Register). This is the same 
mechanism as is used to handle interrupts. Further investigation is needed to determine exactly how LEON 
behaves when a bus error type trap occurs to determine the best approach to handling bus errors. It may be 
simplest to just treat them as the highest priority interrupt 
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Accesses in this 
area are not 
allowed and 
result in a bus 
error exception. 



Accesses in this 
area are via the 
CPU bus and are 
controlled by 
permissions set in 1 
each peripheral. 



Accesses in this 
area are via the 
DIU bus and are 
controlled by 
permissions set in) 
the MMU. 




OxFFFF_FFFF 



PCU Mapped Registers 



Peripheral Registers 



ROM 



DRAM 



0x002A_C000 
Ox002A_0000 
0x0029^0000 
0x0028^0000 




DRAM 
Regions 



0x0000_0000 



Figure 18. Proposed SoPEC CPU memory map (not to scale) 

11.6-1 CPU-bus peripherals address map 

The address mapping for the peripherals attached to the CPU-bus is shown in Table 16 below. The MMU 
performs the decode of the high order bits to generate the relevant cpuJ)lock_?elect signal. Apart from the 
PCU, which decodes the address space for the PEP blocks, each block only needs to decode as many bits 
of cpu_adr[l 1:2] as required to address all the registers within the block. 

Table 16. CPU-bus peripherals address map 



BffiMMW 




MMUJbase 


0x0029_0000 — 


TlM_base 


0x0029^1000 


LSSJbase 


Ox0029_2000 


GPIO_base 


0x0029^3000 


SCB_base 


OxO029_4OOO 


ICLLbase 


0x0029_5000 


CPFLbase 


0x0029_6000 


ROM.base 


0x0029_7O00 


DIUbase 


0x0029_8000 


PSS_base 


0x0029^9000 
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Table 16. CPU-bus peripherals address map 







Reserved 


0x0029 _A000 to Ox0029_FFFF 


PCU.base 


Ox002A_0000 



11.6.2 DRAM Region Mapping 

The embedded DRAM is broken into 8 regions, with each region defined by a lower and upper bound 
address and with its own access permissions. 

The association of an area in the DRAM address space with a MMU region is completely under software 
control. Table 17 below gives one possible region mapping. Regions should be defined according to their 
access requirements and position in memory. Regions that share the same access requirements and that are 
contiguous in memory may be combined into a single region The example below is purely for indicative 
purposes - real mappings are likely to differ significantly from this. Note that the RegionBottom and Regi- 
onTop fields in this example are byte aligned and would need to be right-shifted by 5 places to obtain the 
256-bit aligned value used to program the RegionNTop and RegionNBottom registers, or more details see 
11.6.5.1 and 11.6.5.2. 



Tabfe 17. Example region mapping 



ry ■ i : r^v. -7;- 9 r~ r 7-37- 






0 


0xOO0O_0000 


OxO00O_OFFF 


SJJverbrook OS (supervisor) data 


1 


0x0000.1000 


0x0000_BFFF 


Sitverorook OS (supervisor) code 


2 


OxOO00_COO0 


Ox00O0_C3FF 


Sifverbrook (supervisor/user) data 


3 


OxOOOO_C400 


0x0000_CFFF 


Sitverbrook (supervlsorAjser) code \ 


4 


0x0026_D000 


0xO026_O3FF 


OEM (user) data 


5 


0x0026_D400 


0xO026_DFFF 


OEM (user) code 


6 


0xOO27_E000 


0xO027_FFFF 


Shared Siiverb rook/OEM space 


7 I 


0xOO00_O000 


Ox0026_CFFF 


Compressed page store (supervisor data) 



11.6.3 Non-DRAM regions 

As shown in Figure 18 the DRAM occupies only 2.5 MBytes of the total 4 GB SoPEC address space. The 
non-DRAM regions of SoPEC are handled by the MMU as follows: 

ROM (0x0028^0000 to 0x0028JFFFF): The ROM block will control the access types allowed. The 
cpu__acode[l:0] signals will indicate the CPU mode and access type and the ROM block will assert 
rom_cpu_berr if an attempted access is forbidden. The protocol is described in more detail in section 
1 1.4.3. The ROM block access permissions are hard wired to allow all read accesses except to the Fuse- 
Chip ID registers which may only be read in supervisor mode. 

MMU Internal Registers (0x0029^0000 to 0x0029_0FFF): The MMU is responsible for controlling the 
accesses to its own internal registers and will only allow data reads and writes (no instruction fetches) 
from supervisor data space. All other accesses will result in the mmu_cpu_berr signal being asserted in 
accordance with the CPU native bus protocol. 

CPU Subsystem Peripheral Registers (0x0029^1000 to 0x0029_FFFF): Each peripheral block will 
control the access types allowed. Every peripheral will allow supervisor data accesses (both read and 
write) and some blocks (e.g. Timers and GPIO) will also allow user data space accesses as outlined in the 
relevant chapters of this specification. Neither supervisor nor user instruction fetch accesses are allowed to 
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any block as it is not possible to execute code from peripheral registers. The bus protocol is described in 
section 11,4,3. 

I p CU Mapped Registers (Ox002A_J)000 to 0x002 AJJFFF): All of the PEP blocks registers which are 

accessed by the CPU via the PCU will inherit the access permissions of the PCU. These access permis- 
sions are hard wired to allow supervisor data accesses only and the protocol used is the same as for the 
CPU peripherals. 

| Unused address space (0x0O2A_CO00 to OxFFFFJFFFF) : All accesses to the unused portion of the 

address space will result in the mmu_cpujberr signal being asserted in accordance with the CPU native 
bus protocol. These accesses will not propagate outside of the MMU i.e. no external access will be initi- 
ated 

| 1 1 .6.4 Reset exception vector and reference zero traps 

I When a reset occurs the LEON processor starts executing code from address 0x0000_0000. On SoPEC the 

I embedded DRAM occupies this area of the address map. As the DRAM contents are undefined when the 

processor comes out of reset (this is certainly the case with a power-on and most other resets that can occur 
on SoPEC) the MMU will need to redirect accesses from 0x0000.0000 through 0x0000 J)0?? (the mini- 
mum amount of redirection is currently TBD but is likely to be at least 16 bytes) to the bottom of the ROM 
i.e. to 0x0028^0000 through 0x0028_00??. 

A common software bug is zero-referencing or null pointer de-referencing (where the program attempts to 
access the contents of address 0x0000 J)000). To assist software debug the MMU will assert a bus error 
every time the reset locations are accessed after the reset trap handler has legitimately been retrieved 
immediately after reset. If desired this condition could be result in a unique trap (e.g. a watchpoint 
detected trap) 

11.6.5 MMU Configuration Registers 

These are the only configuration registers in the CPU block. Note that all the MMU configuration registers 
may only be accessed when the CPU is running in supervisor mode. 



Table 18. MMU Configuration Registers 













0x00 


RegionOBottom 


17 


OxO_00OO 


This register contains the physical address that 
marks the bottom of region 0 


0x04 


RegfonOTop 


17 


0xF_FFFF 


This register contains the physical address that 
marks the top of region 0. Region 0 covers the 
entire address space after reset whereas ail 
other regions are zero-sized initially. 


0x08 


Region 1 Bottom 


17 


0x0,0000 


This register contains the physical address that 
marks the bottom of region 1 


OxOC 


Regionl Top 


17 


OxO_0000 


This register contains the physical address that 
marks the top of region 1 


0x10 


Region2Bottom 


17 


OxOJXXX) 


This register contains the physical address that 
marks the bottom of region 2 


0x14 


Region3Top 


17 


0xO_0OO0 


This register contains the physical address that 
marks the top of region 2 


0x16 


Reglon3Bottom 


17 


0xO_00OO 


This register contains the physical address that 
marks the bottom of region 3 


Oxl C 


Regton3Top 


17 


OxO_0OOO 


This register contains the physical address that 
marks the top of region 3 
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Table 18. MMU Configuration Registers 







PS? 


mm 




0x20 




I / 


nvn nfmn 


i h j o ronicf rv^iAtft ifi C tKa nhv/ct^G 1 oHrlrocc that 

marks the bottom of region 4 


0x24 


Rcgiorv4Top 


17 


0x0_0000 


This register contains the physical address that 
marks the top of region 4 


0x28 


RegionSBottom 


17 


0x0_0000 


This register contains the physical address that 
marks the bottom of region 5 


0x2C 


RegionSTop 


17 


0x0_0000 


This register contains the physical address that 

mA rk<t thp ton nf roninn 


0x30 


Reoiortfi Bottom 


17 


0x0 0000 

VAW — WWW 


Thi*j rpni<itpr fy%ntflin«i tho nhv<if/^a1 arfHiwsQ that 
■ ma icyidit?* uvniuuiio uic |^iiyaiv<ii duuiyas uuii 

marks the bottom of region 6 


0x34 


RegionSTop 


17 


0x0_0000 


This register contains the physical address that 
marks the top of region 6 


vAJO 




1 r 


uxu_uvvu 


i nis register coniains me pnysicai aaaress mat 
marks the bottom of region 7 


0x3C 


Region7Top 


17 


0x0__0000 


This register contains the physical address that 
marks the top of region 7 


0x40 


RegionOControt 


6 


0x07 


Control register for region 0 


0x44 


Region 1 Control 


6 


0x07 


Control register for region 1 


0x48 


Region2Control 


6 


0x07 


Control register for region 2 


0x4C 


Region3ControI 


6 


0x07 


Control register lor region 3 


0x50 


Reg[on4Controi 


6 


0x07 


Control register for region 4 


0x54 


Regions Control 


6 


0x07 


Control register for region 5 


0x58 


Region6Control 


6 


0x07 


Control register for region 6 


0X5C 


Region7Contrd 


6 


0x07 


Control register for region 7 


0x60 


BusTimeout 


16 


0x00 FF 


This register should be set to the number of pclk 
cycles to wait before aborting an access with a 
bus error. 


0x64 


DebugSelect 


7 


0x00 


Contains address of the register selected for 
debug observation. It is expected that a number 
of pseudo-registers will be made available for 
debug observation and these will be outlined 
during the implementation phase. 



11.6.5. 1 RegionTop and RegionBottom registers 

The 20 Mbit of embedded DRAM on SoPEC is arranged as 81920 words of 256 bits each. All region 
boundaries need to align with a 256-bit word Thus only 17 bits are required for the RegionNTop and 
RegionNBottom registers. The byte address of these locations can be obtained by simply left-shifting the 
register value by 5 bits i.e. cpu_odr[21:0] «- RegionNTop/Bottom[16:0J « 5. 

Both the RegionNTop and RegionNBottom registers are inclusive i.e. the addresses in the registers are 
included in the region. The size of smallest active region is therefore 2 256-bit words i.e. 64 bytes. 

If DRAM regions overlap (there is no reason for this to be the case but there is nothing to prohibit it either) 
then only accesses allowed by all overlapping regions are permitted. That is if a DRAM address appears in 
both Region I and Regions (for example) the cpu_acode of an access is checked against the access permis- 
sions of both regions. If both regions permit the access then it will proceed but if either or both regions do 
' not permit the access then it will not be allowed. 
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The MMU does not support negatively sized regions i.e. the value of the RegionNTop register should 
always be greater that the value of the RegionNBottom register. If RegionNTop is lower in the address map 
than RegionNTop then the region is considered to be zero-sized and is ignored. 

When both the RegionNTop and RegionNBottom registers for a region contain the same value the region is 
then simply one 256-bit word in length and this corresponds to the smallest possible active region. 

11.6.5.2 Region Control registers 

Each memory region has a control register associated with it The RegionNControl register is used to set 
the access conditions for the memory region bounded by the RegionNTop and RegionNBottom registers. 
Table 1 9 describes the function of each bit field in the RegionNControl registers. All bits in a RegionNCon- 
trol register are both readable and writable by design. However, like all registers in the MMU, the 
RegionNControl registers can only be accessed by code running in supervisor mode. 



Table 19. Region Control Register 





m.} ,-i.V ■ ■ <~ 




SupervisorAccess 


2.-0 


Denotes the type of access allowed when the CPU is running in 
Supervisor mode. For each access type a 1 indicates the access is 
permitted and a 0 Indicates the access is not permitted, 
bito - Data read access permission 
bill - Data write access permission 
twt2 - Instruction fetch access permission 


User Access 


5:3 


Denotes the type of access allowed when the CPU is running in 
User mode. For each access type a 1 indicates the access is per- 
mitted and a 0 indicates the access is not permitted. 
bit3 - Data read access permission 
bit4 - Data write access permission 
bits - Instruction fetch access permission 



11.6.5.3 Status Register 

The SPARC V8 architecture allows for a number of types of memory access error to be trapped. These trap 
types and trap handling in general are described in chapter 7 of the SPARC architecture manual [32]. 
According to the SPARC architecture manual the processor will automatically move to the next register 
window (i.e. it decrements the current window pointer) and copies the program counters (PC and nPC) to 
two local registers in the new window. The supervisor bit in the PSR is also set and the PSR can be saved 
to another local register by the trap handler (this does not happen automatically in hardware). 

At the time of writing it is not clear whether the LEON core can easily accept memory access error trap 
types (i.e. the 8-bit tt field of the Trap Base register). Further investigation is needed to detennine it this is 
possible and if existing trap types will cover the different types of bus error possible on SoPEC. Up to 32 
implementation specific trap types are allowed so conditions unique to SoPEC can be handled in this man- 
ner. 

If it is not possible for sufficient information about the cause of the bus error to be passed to the LEON 
core using the above mechanisms then a status register will be implemented to record the relevant informa- 
tion. 

11.6.6 MMU Sub-block partition 

As can be seen from Figure 19 and Figure 20 the MMU consists of five principal sub-blocks. For clarity 
the connections between these sub-blocks and other SoPEC blocks and between each of the sub-blocks are 
shown in two separate diagrams. 
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haddr{31 :0] — 
hwdata{31:0] — 
hrdatal3l:0l <+- 
tee! — 
hwrite — 
htransOrO] — 
hsfce[2:0) — 
hburst(2:03 — 
hprotf3:0] — 
hmastarpfcO] — 
hmasterlock — 

hready -4- 

hresp(1:0]«+ 
hsp<rt{15X)J 



fui.lr1[3:0] 4- 
iuo.W[3:0} — 
iuo.lntack — 



debug_data_out < 
d8bua.dateL.vaQd 



_cntrt 4- 



I Cache 



DIU 
Bus 

Interface 



LEON 
Bridge 



MMU 

Control 
Block 



RDU 



CPU 

Subsystem 
Bus 

Interface 



tfctfcfctfcttt 
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dram_cpu_data{2$5:0] 

cpu__diu_rreq 

dru_cpu_rack 

dtu_cpu_cvaDd 

cpu_dlu_wreq 

dli/_cpu_wack 

Cpu_<fiu_wvafid 

cpu_diu_wmask{1 :0] 



Icu_cpujtevel[3:0] 

~+ cpu_iack 

cpii_lcij_HeveJ[3:0] 



— ► cpu^rwn 

-> cpu_dataout[31 :0] 



cpu_adr(21:0) 
cpu_acode[1 :01 

> cpu_cpr_sel 
• cpu_dhj_seJ 
cpu_gpto_$el 
cpu_fcu__sel 
cpujss_sel 
cpu_j>cu_sel 
cpu_scb_jset 
cpu_tim_sel 
cpu_rom^sel 

- CpU_d«J_SGl 



cpr_cpu_dataI3i :0J 
dlu_cpu__data|31 :0J 
gpto_epu_data[3 1 :0] 
*cu_cpu_data(3 1 :0j 
Iss_cpu_data(31 :0J 
pcu_cpu_data[3l:0| 
scb_cpu_data{31 :0] 
tim_cpu_data[3l:0) 
rom_cpu_data{31 :0J 
pss_cpu_data{31 :0j 



Figure 19. MMU Sub-block partition, external signal view 
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cpu_rwn 



cpu_mmu_adr{3 1 



cpu_tiataout[3i X>] 



£mir_jcpu_data(31 :0] 



^ mmu cpo rdv 



cpu„mmu_ocode{ t :gj 



mmu_cpu_befT 



cpujack 



ICache 



.a 



ic_cacne_hit 



cpu_adrt2l:0] 



dram_access_en 



dram_rdy 



MMU 

Control 

Block 



Configuration 
Registers 



perl_a< 



(21 :i 



DIU 

Bus 

Interface 



dram_data{3 1 :0] 



eca^s_en ' 



pefi_mmu^datap 1 :0) 



peri_mmu„rrfy 



^ perLmmu_berr 



CPU 

Subsystem 
Bus 

Interface 



RDU 



Figure 20. MMU Sub-block partition, internal signal view 

11.6.6.1 LEON Bridge 

At the time of writing it is expected that the LEON core will be used with its AHB interface rather than be 
modified to comply with the protocols used on SoPEC, in particular the DIU protocol for DRAM access. 
The LEON bridge consists of an AHB bridge and some glue logic. The AHB bridge will convert between 
the AHB and the DIU and CPU subsystem bus protocols. The AHB bridge will always be a slave on the 
AHB. Glue logic will be required to assist with endianness coherency, interrupts and other miscellaneous 
signalling. 

Table 20. LEON bridge l/Os 



Global SoPEC signals 



. Sescrlpllon; 



prst_n 


1 


tn 


Global reset Synchronous to petit, active tow. 


pclk 


1 


In 


Global clock 


LEON Bridge to AHB signals 


haddr(31:0] 


32 


In 


AHB address bus 


hwdata[31:OJ 


32 


In 


AHB write data bus 


hrdata[31:0] 


32 


Out 


AHB read data bus 


hsel 


1 


In 


AHB slave select signal 
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Tabfe 20. LEON bridge l/Os 







IMP* 




hwrite 


1 


In 


AHB write signal: 
1 - Write access 
0 • Read access 


h trans 


2 


In 


Indicates the type of the current transfer: 

00 - IDLE 

01 - BUSY 

10 - NONSEQ 
11-SEQ 


hsize 


3 


In 


Indicates the size of the current transfer: 

000 - Byte transfer 

001 - HaJfword transfer 
010 -Word transfer 

01 1 * 64-bit transfer (unsupported?) 
1xx - Unsupported larger wordsizes 


h burst 


3 


In 


Indicates if the current transfer forms pari of a burst and the type of 
burst 

000 • SINGLE 

001 - INCR 

A<A IX/ □ ADA 

011 -INCR4 
100 -WRAPS 
101 - INCR8 

1 10 - WRAP 16 

111 -INCR16 


hprot 


4 


In 


Protection control signals pertaining to the current access: 
hproffO] - Opcode(O) / Data(1) access 
hprotp] - User(0) / Supervisor access 

hprot{2] - Non-bufferable(O) / Bufferable(l) access (unsupported) 
hprot{3] - Non-cacheable(O) / CacheaWe access 


h master 


4 


In 


Indicates the identity of the current bus master. This will always be 
the LEON core. 


hmastlock 


1 


In 


Indicates that the current master is performing a locked sequence 
of transfers. 


hready 


1 


Out 


Active high ready signal Indicating the access has completed 


hresp 


2 


Out 


Indicates the status of the transfer: 
00 -OKAY 
01 - ERROR 

10 - RETRY 

1 1 - SPOT 


hsplit 


16 


Out 


This 16-bit split bus is used by a slave to indicate to the arbiter 
which bus masters should be allowed attempt a split transaction. 
This feature wiP be unsupported on the AHB bridge 


Toplevel/ Common LEON bridge signals 


cpu_dataout£J1 .-0] 


32 


Out 


Data out bus to both DRAM and peripheral devices. 


cpii_rwn 


1 


Out [ 


Read/NotWrfte signal. 1 = Current access is a read access, 0 = 
Current access is a write access 


fcu_cpu_nevel[3:0) 


4 


In 


An interrupt is asserted by driving the appropriate priority level on 
tcv_cpu_ilevBL These signals must remain asserted until the CPU 
executes an interrupt acknowledge cycle. 


cpujcujleve[[3 :0] 


4 


In 


Indicates the level of the interrupt the CPU is acknowledging when 
cpu_iack is high 
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Table 20. LEON bridge l/Os 





mm 






cpu_iack 


1 


Out 


Interrupt acknowledge signal. The exact timing depends on the 
CPU core implementation j 


cpu_start_access 


1 


Out 


Start Access signaJ indicating the start of a data transfer and that 
the cpu_adr t cpu_dataout, cpu_rwn and cpu^acode signals are all 
valid. This signal is only asserted during the first cycle of an access. 


cpu _ben[1 :0] 


2 


Out 


Byte enable signals. 


LEON core to LEON bridge signals 


iuMri 


4 


Out 


Interrupt level request to the LEON Integer Unit 


iuo.irt 


4 


In 


Acknowledged interrupt level from the LEON Integer Unit 


ruo.intack 


1 


In 


Interrupt acknowledge signal from the LEON Integer Unit 


LEON bridge to MMU Control Block signals 


cpu_mmu_adr 


32 


Out 


CPU Address Bus. 


mmu_cpu_data 


32 


In 


Data bus from the MMU 


mmu_cpu_rdy 


1 


In 


Ready signaJ from the MMU 


cpu_mmu_acode 


2 


Out 


Access code signals to the MMU 


mmu_cpu_b€JT 


1 


In 


Bus error signal from the MMU 



Description: 

The L^ON bridge must ensure that all CPU bus and interrupt transactions are functionally correct and that 
the timing requirements are met This sub-block is also responsible for ensuring endianness coherency i.e. 
guaranteeing that the correct data appears in the correct position on the data buses (hrdata, cpu_dataout 
and mmu_cpu_data) for every type of access. This is a requirement because the LEON uses big-endian 
addressing while the rest of SoPEC is little-endian. 

It is expected that some signals (especially those external to the CPU block) will need to be registered here 
to meet the timing requirements. Careful thought will be required to ensure that overall CPU access times 
are not excessively degraded by the use of too many register stages. 

11.6.6.2 DfU Bus interface 

The DrU bus interface will handle all valid accesses to the embedded DRAM via the DIU. The DIU bus 
interface ensures that the access conforms to the DIU bus protocol while the DIU manages the arbitration 
and data alignment. 



Table 21. DIU Bus Interface l/Os 





mm 


mm 




Global SoPEC signals 








prst_n 


1 


In 


Global reset. Synchronous to pclk, active low. 


pclk 


1 


In 


Global clock 


Toplevel/Common DIU Bus Interface signals 


dram_cpu_data(255:0] 


256 


In 


Read data from the DRAM. 


cpu_diu_rreq 


1 


Out 


Read request to the DIU DRAM 


diu_cpu_rac*C 


1 


In 


Acknowledge from DIU that read request has been accepted. 


diu_cpu_rvalid 


1 


in 


Signal from DIU indicating that valid read data is on the 
dram_cpu_data bus 


cpu_diu_wreq 


1 


Out 


Write request to the DIU 
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Table 21. DIU Bus Interface VOs 



msmm 




mm. 




aru_cpu_waac 


^ 


in 


Acknowledge from the DIU that the write request has been 
accepted 


cpu_diu_wvalid 


1 


Out 


Signal from the CPU to the DIU indicating that the data currently on 
the cpu^dataout bus is valid 


cpu_diu_wmask[1:0] 


2 


Out 


Rag indicating format of CPU write to DRAM. These signals are 

directly derived from the cpu_t>en signals 

cpujdiu_wmask = 00: 8-bit write 

cpu_diu_wmask = 01:1 6-bit write 

cpu_diu_ wmask = 10: 32-bit write 

cpu_diu_wmask =11: reserved 

cpu_adr[2:0] are driven in accordance with the width of the data 
access indicated by cpu_diu_wmask. Addresses cannot cross a 
256-bit word DRAM boundary. 


dram_rdy 


1 


Out 


Data Ready signal. Indicates the data on the dram__cpujdata bus is 
valid for a read cycle or that the data was successfully dispatched 
to the DIU tor a write cycle. 


DIU Bus Interface to MMU Control Block signals 


cpu_adr(21 :0] 


22 


In 


Toplevel CPU Address bus. 


dram_data[31X5J 


32 


Out 


Data bus containing the 32 bits addressed by cpu_adr{4:2)Uon\ the 
256-bit DRAM read bus dramjcpujdata 


dram - _access_en 


1 


Jn 


Enable Access signal. A DRAM access cannot be initiated unless it 
has been enabled by the MMU Control Unit 


DIU Bus Interface to JCache signals 


ic_cache_hit 


1 


In 


Cache hit signal from the ICache. This indicates that the current j 
CPU read request is being serviced by the ICache and so should 
not be retrieved from the DRAM. 


DIU Bus Interface to LEON bridge signals 


cpu_ben[1:0) 


2 


In 


Byte enable signals from the LEON bridge. These are forwarded on 
to the DIU as the cpu_diu_wmask signals 


cpu_starl_access 


1 


In 


Start Access signal from the LEON bridge indicating the start of a 
data transfer and that the cpu^adr, cpu_dataout cpu_rwn and 
cpu^acode signals are all valid. This signal is only asserted during 
the first cycle of an access. 



Description: 

The DIU Bus Interface handles all data transfers between the CPU (or ICache) and the DIU. This involves 
translating between the different protocols used on the DIU and CPU buses. The validity (i.e. is the CPU 
running in the correct mode for the address space being accessed) of an access is determined by the MMU 
Control Block which also checks that a DRAM access does not cross a 256-bit boundary (as required by 
the DIU) and the dram_access_en is asserted if it is a valid access. Invalid accesses do not initiate DRAM 
accesses. The operation of the DIU Bus Interface is described by the state machine shown in Figure 21 and 
the DIU bus protocol is described in more detail in section 20.9. The DIU will return a 256-bit dataword 
on dram_cpu_data[255:0] for every read access. The DIU Bus Interface must select the appropriate 32-bit 
word from this according to the word address given by cpujzdr[4:2]. 
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Df St ncaQ 

cpu_diu_rreq « 0 
cpu_diu_wreq = 0 
cpu_dhj_wvafid = 0 

dram_rdy = 0 



cpu start access 



cpu start access*^ 1 

AND dram access en = 




cou start ncress 
AND dram access en ~= 1 
AND lc cache hit « Q 

AND cpu rwn~* 1 
cpu_diu_i 



diu cpu rack == 1 
cpii_<flu_rroq = 0 



/Write AccessN 
I Initiated J 



configure data select muxes 
according to cpu_adr{4:2} 



f Read Access^ 
\AcknowI edged/ 



dtu coti wack 1 
cpu_diu_wreq = 0 



dlu cpu^ryaffd — 1 




dlu ccujocateLg 
dram_rdy s 



f Read AccessN 
A. Complete J 



tfju cpi; wvafid 
dram_rdy = 1 



/write AccessN 
\ s Complete/ 



diu cpu maiiOj 

dram_rdy « 0 



Figure 21. DIU Bus Interface state machine 



11.6.6.3 CPU Subsystem Bus interface 

The CPU Subsystem Interface block handles all valid accesses to the peripheral blocks that comprise the 
CPU Subsystem. 



Table 22. CPU Subsystem Bus Interface l/Os 







EH 




Global SoPEC signals 


prst_n 


1 


in 


Global reset. Synchronous to pclk, active low. 


pdk 


1 


In 


Global dock 


Toplevel/Common CPU Subsystem Bus Interface signals 


cpu_cpr_sel 


1 


Out 


CPR block select. 


cpu_gpio_se! 


1 


Out 


GPIO block select. 


cpu_icti_sel 


1 


Out 


ICU block select. 


cpujss_sel 


1 


Out 


LSS block select. 


cpu_pcu_sel 


1 


Out 


PCU block select. 
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Table 22. CPU Subsystem Bus Interface l/Os 



BBMB 


IK 


OSS 




cpu_scb_sel 


- 1 


Out 


SCB block select. ~— — ~ — 


cpu_tim_sel 


- 1 


Out 


Timers block select. 


cpu__rom_se! 




Out 


ROM block select. 


cpu _j3ss_se! 




Out 


PSS block select. 


cpu_diu_sef 




Out 


DIU block select 


cpr_cpu_aaxai»si .uj 


32 


In 


Read data bus from the CPR block 


ypio - _cpu_aaia[oi ,uj 


32 


In 


Read data bus from the GPIO block 


icu_cpu_aata[3 1 :0 ] 


32 


In 


Read data bus from the ICU block 


lss_cpu_data[31 :0] 


32 


In 


Read data bus from the LSS block 


pcu_cpu_daia{31 :0J 


32 


In 


Read data bus from the PCU block j 


scb_cpu_data[31 :0] 


32 


In 


Read data bus from the SCB block 


ti m_cp u_data|3 1 :0] 


32 


In 


Read data bus from the Timers block 


rom_cpu_data[31 :0] 


32 


In 


Read data bus from the ROM block 


pss_cpu_dataJ31 :0] 


32 


In 


Read data bus from the PSS block 


diu__cpu_data(31 :0J 


32 


In 


Read data bus from the DIU block 


cpr_cpu_rdy 


1 


In 


Ready signal to the CPU. When cpr_cpu_nfy is high it Indicates the 
last cycle of the access. For a write cycle this means cpu^dataout 
has been registered by the CPR block and for a read rvrJ» thic 
means the data on cpr_cpu_data is valid. 


gpk>_cpu_rdy 




In 


GPIO ready signaJ to the CPU. 


icu_cpu_rdy 




In 


ICU ready signal to the CPU. 


lss_cpu_rdy 




In 


LSS ready signal to the CPU. 


pcu_cpu_rdy 




In 


PCU ready signal to the CPU. 


scb_cpu_rdy 




In 


SCB ready signal to the CPU. 


tim_cpu_rdy 




In 


Timers block ready signaJ to the CPU. 


rom_cpu_rdy 




In 


ROM block ready signal to the CPU. 


pss_cpu_rdy ' 




In 


PSS block ready signal to the CPU. 


diu_cpu_rdy 




In 


DIU register block ready signal to the CPU. 


cpr_cpu_berr 




In 


Bus Error signal from the CPR block 


gpto_cpu_berr 




In 


Bus Error signal from the GPIO block 


lcu_cpu_beir 




In 


Bus Error signal from the IQU block 


lss_cpu__berT 




In 


Bus Error signal from the LSS block 


pcu_cpu_benr 




in 


Bus Error signal from the PCU block 


scb_cpu_berr 




In 


Bus Error signal from the SCB block 


tim_cpu_berT 




In 


Bus Error signal from the Timers block 


rom_cpu_berr 




In 


Bus Error signal from the ROM block 


pss_cpu_berr 




In 


Bus Error signal from the PSS block 


diu_cpuj3err 




In 


Bus Error signal from the DIU block 


^ku tiUDsystem Bus Interface to MMU Control Block signals 


cpu_adr(19:12] 


6 


In 


Toplevel CPU Address bus. Only bits 19-12 are required to decode 
the peripherals address space 


peri_access_en 


1 


In 


Enable Access signal. A peripheral access cannot be initiated 
unless it has been enabled by the MMU Control Unit 
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Table 22. CPU Subsystem Bus Interface VOs 





fe$8 


MBA 




peri_mmu_data[3l .-0] 


32 


Out 


Data bus from the selected peripheral 


peri_mmu_rdy 


1 


Out 


Data Ready signaf. Indicates the data on the peri_mmu_data bus is " 
valid (or a read cycle or that the data was successfully written to the 
peripheral for a write cycle. 


peri_mmu_berr 


1 


Out 


Bus Error signal. Indicates a bus error has occurred in accessing 
the selected peripheral 


CPU Subsystem Bus 


Interface to LEON bridge signals 


cpu_start_access 


1 


In 


Start Access signal from the LEON bridge indicating the start of a 
data transfer and that the cpu_adr, cpu^dataout, cpu_rwn and 
cpu__acode signals are all vaiid. This signal is only asserted during 
the first cycle of an access. 



Description: 

The CPU Subsystem Bus Interface block performs simple address decoding to select a peripheral and mul- 
tiplexing of the returned signals from the various peripheral blocks. The base addresses used for the 
decode operation are defined in Table 16. Note that access to the MMU configuration registers are handled 
by the MMU Control Block rather than the CPU Subsystem Bus Interface block. The CPU Subsystem Bus 
Interface block operation is described by the following pseudocode: 



// The peri_access_en signal will have the 
// timing required for block selects 



rnasked_cpu_adr = cpu_adr [ 19 : 12] 
case <raasked_cpu_adr) 
when TIM__basetl9:12| 

cpu_tim_ sel = peri_access_en 

per i_jnmu_data = tim_cpu_data 

peri_mmu_rdy * tim_cpu_rdy 

peri_jnmu_borr = tixn_cpu_berr 

all_other_selects =0 // Shorthand to ensure other cpu_block_sel signals 

// remain deasserted 

when LSS_base[19: 12 J 

C P U _ lss__sel « peri_access_en 

peri_mmu_data = lss_cpu_data 

peri_mmu_rdy = lss_cpu_rdy 

peri_mmu_berr = lss_cpu_berr 

all_other_selects = 0 
when GPlO_base(19:12] 

cpu_gpio_sel = peri_access_en 

peri_mmu_data = gp i o_cpu_da ta 

peri_mmu_rdy = gp i o_cp u_r dy 

peri_mmu_berr = gpio__cpu_berr 

all_other_selects = 0 
when SCB_base(19:12] 

cpu_scb_sel = peri_access_en 

peri_jnmu_data = scb_cpu_data 

peri_mmu_rdy = scb_cpu_rdy 

peri_mmu_berr = scb_cpu_berr 

all_other_selects = 0 
when ICU_base[19: 12] 

cpu_icu_sel = peri_access_en 

peri_jnmu_data - icu_cpu_data 

peri_mmu_rdy = icu_cpu_rdy 

peri_mrau_berr = icu_cpu__berr 

all_other_selects » 0 
when CPR_base(19:12J 

cpu_cpr_sel = peri_access_en 
peri_mmu_data = cpr_cpu_data 
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peri_mmu_rdy » cpr_cpu_rdy 
peri_mmu_berr = cpr__cpu_berr 
all_other_selects = o 
when ROMjbase[19:12] 

cpu_rom_sel = peri_access_en 
peri_iranu_data ~ r on\_cpu_da t a 
peri__nnnu_rdy = ron\_cpu_rdy 
peri_pimu_berr = ron\_cpu_berr 
a ll_o therms elects = 0 
when PSSJbase [19:12] 

cpu_pss_sel = peri_access_en 
per i_unnu_da t a = p s s_cp u_da t a 
peri_jnmu_rdy = psb\„cpu_rdy 
peri_jminu_berr = pss_cpujberr 
all_other_selects = 0 
when DIU_base[19:12} 

cpu_diu_sel = peri_access_en 
peri_ptrau_data = diu_cpu_data 
pe r i_mmu_r dy = diu_cpu_rdy 
peri_pnnu_berr ~ diu_cpu_berr 
all_other_selects = 0 
when PCU_base(19:12] 

cpu_diu_sel = per i_access_en 
peri_mmu_data = pcu_cpu_data 

pexri_jnmu irdy « p c u cp u rdy 

peri_inmu_berr = pcu_cpu_berr 
all_other_s elects = 0 
when others 

I all_block_selects - 0 

peri_mmu_data = 0x00000000 
peri_mmu_rdy s 0 
peri_jnnru_berr = 1 
end case 



11.6.6.4 MMU Control Block 

The MMU Control Block determines whether every CPU access is a valid access. No more than one cycle 
is to be consumed in determining the validity of an access and all accesses must terminate with the asser- 
tion of either mmu_cpu_rdy or mmu_cpujberr. To safeguard against stalling the CPU a simple bus timeout 
mechanism will be supported. 



I Table 23. MMU Control Block l/Os 




Global SoPEC signals 



prst_n 


1 


In 


Global reset Synchronous to pclk, active low. 


pclk 


1 


In 


Global clock 


Toplevel/Common MMU Control Block signals 


cpu_adrf21:0] 


22 


Out 


Address bus for both DRAM and peripheral access. 


cpu_acode(1 :0J 


2 


Out 


CPU access code signals (cpu_mmu_acode) retimed to meet the 
CPU Subsystem Bus timing requirements 


dram_acce ss_e n 


1 


Out 


ORAM Access Enable signal. Indicates that the current CPU 
access is a valid DRAM access. 


MMU Control Block to LEON bridge signals j 
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Table 23. MMU Control Block l/Os 











cpu_mmu_aart3i :oj 


32 


In 


CPU core address bus. 


cpu_daiaoutt31:0J 


32 


In 


Toplevel CPU data bus 


rnmu_cpu_data|3 1 :0J 


32 


Out 


Data bus to the CPU core. Carries the data for all CPU read opera- 
tions 


cpu_rwn 


1 


In 


Toplevel CPU Read/notWrite signal. 


cpu_mmu_acode{1 :0] 


2 


In 


CPU access code stgnats 


mjnu_cpu_rdy 


1 


Out 


Ready signal to the CPU core. Indicates the completion of all valid 
CPU accesses. 


mmu_cpu_berr 


1 


Out 


Bus Error signal to the CPU core. This signal is asserted to termi- 
nate an invalid access. j 


cpu_start_access 


1 


In 


Start Access signal from the LEON bridge indicating the start of a 
data transfer and that the cpu_adr t cpu_dataout, cpu_rwn and 
cpu^acode signals are all valid. This signaJ is only asserted during 
the first cycle of an access. 


cpujack 


1 


In 


Interrupt Acknowledge signal from the CPU. This signal is only 
asserted during an interrupt acknowledge cycle. 


cpu_ben[1 .-0] 


2 


In 


Byte enable signals indicating which bytes of the 32-bit bus are 
being accessed. 


MMU Control Block to DIU Bus Interface signals 


dram_rdy 


1 


In 


Data Ready signal, indicates the data on the dram_cpu_data bus is 
valid for a read cycle or that the data was successfully dispatched 
to the DIU for a write cycle. 


MMU Control Block to 1 Cache signals 


ic_data(31:0] 


32 


In 


Data bus from the ICache 


ic_rdy 


1 


In 


Ready signal from the ICache indicating the data on ic_data is valid 


MMU Control Block to CPU Subsystem Bus Interface signals 


peri_access_en 


1 


Out 


Enable Access signal. A peripheral access cannot be initiated 
unless it has been enabled by the MMU Control Unit 


peri_mmu_data(3l :0} 


32 


In 


Data bus from the selected peripheral 


peri_mmu_rdy 


1 


In 


Data Ready signal. Indicates the data on the peri_mmu_data bus is 
valid for a read cycle or that the data was successfully written to the 
peripheral for a write cycle. 


peri_mmu_berr 


1 


In 


Bus Error signal. Indicates a bus error has occurred in accessing 
the selected peripheral 



Description: 

The MMU Control Block is responsible for the MMU's core functionality, namely determining whether or 
not an access to any part of the address map is valid. An access is considered valid if it is to a mapped area 
of the address space and if the CPU is running in the appropriate mode for that address space. Furthermore 
the MMU control block must correctly handle the special cases that are: an interrupt acknowledge cycle, a 
reset exception vector fetch, an access that crosses a 256-bit DRAM word boundary and a bus timeout 
condition. The following pseudocode shows the logic required to implement the MMU Control Block 
functionality. It does not deal with the riming relationships of the various signals - it is the designer's 
responsibility to ensure that these relationships are correct and comply with the different bus protocols. 
For simplicity the pseudocode is split up into numbered sections so that the functionality may be seen 
more easily. 
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PSO Description: This first segment of code defines a number of constants and variables that are used 
elsewhere in this description. Most signals have been defined in the I/O descriptions of the MMU sub- 
blocks that precede this section of the document. The post_resetjstate variable is used later (in section 
PS4) to determine if we should translate the reset exception vector address or trap a null pointer access. 

PSO: 

const UnusedBottom = Ox002ACOOO 
consc DRAMTop = Ox0027FFFF 
const UserDataSpace = bOl 
const UserProgramSpace =» bOO 
const SupervisorDataSpace - bll 
const SuporvisorProgramSpace = blO 

const timeout_limit = 0x40 // Need to confirm that this is a suitable value 
const ReaetExceptionCycles = 0x8 

cpu_adr_peri_maskedt7 :0] = cpu_mmu_adr [19:12] 
cpu_adr_dram_masked[16:0] = cpu_mmu_adr & 0x003FFFE0 

if <prst_n 0) then // Initialise everything 

cpu_adr =■ cpu_mrau_adr [ 2 1 : 0] 
peri_access_en = 0 
dram_access_en = 0 
mmu_cpu_data = per i_mmu_da ta 
nmu_cpu_:rdy <= 0 
mmu_cpu_berr = 0 
postures et_state = TRUE 
access_initiated m FALSE 
cpu_access„cnt = 0 

// The following is used to determine if we are coming out of reset for the purposes of 
// reset exception vector redirection. There may be a convenient signal in the CPU core 
// that we could use instead of this. 

if (<cpu_start_access 1) AND (cpu_access_cnt < ResetExceptionCycles ) AND 
(clock_tick == TRUE) ) then 
cpu_access_cnt = cpu_access_cnt *1 
else 

post__reset_state = FAL.SE 

PS1 Description: This section is at the top of the hierarchy that determines the validity of an access. The 
address is tested to see which macro-region (i.e. Unused, CPU Subsystem or DRAM) it falls into or 
whether the reset exception vector is being accessed. 

PS1: 

if <cpu_mmu_adr >= UnusedBottom) then 

// The access is to an invalid area of the address space. See section PS2 

elsif ( (cpu_mmu_adr > DRAMTop) AND { cpu_mmu_adr < UnusedBottom)) then 

// We are in the CPU Subsystem/ PEP Subsystem address space. See section PS3 

// Only remaining possibility is an access to DRAM address space 

// First we need to intercept the special case for the reset exception vector 

elsif (cpu_mmu_adr < 0x00000010) then 

// The reset exception is being accessed. See section PS4 

elsif < (cpu_adr_dram_masked >= RegionOBottom) AND <cpu_adr_dram_masked <= 
RegionOTop) ) then 
// We are in RegionO. See section PS5 

elsif (<cpu_adr_dram_masked >= RegionNBottom) AND {cpu_adir_drajTumasked < = 
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RegionNTop) ) then //we are in RegionN 
// Repeat the RegionO (i.e. section PS5) logic for each of Regionl to Region7 

else //We could end up here if there were gaps in the DRAM regions 
peri_access_en = 0 
draro_access_en = 0 

romu_cpu_berr =1 //we have an unknown access error, most likely due. to hitting 
mmu_cpu_rdy =0 //a gap in the DRAM regions 

// Only thing remaining is to implement a bus timeout function. This is done in PSS 
end 

PS2 Description: Accesses to the large unused area of the address space are trapped by this section. No 
bus transactions are initiated and the mmu_cpu_berr signal is asserted. 

PS2: 

elsif (cpu_mmu_adr >= UnusedBottom) then 

peri_access_en =0 // The access is to an invalid area of the address space 
dram_access_en = 0 
mrau_cpu_berr = 1 
mmu__cpu_rdy = 0 

PS3 Description: This section deals with accesses to CPU Subsystem peripherals, including the MMU 
itself. If the MMU registers are being accessed then no external bus transactions are required Access to 
the MMU registers is only permitted of the CPU is making a data access from supervisor mode, otherwise 
a bus error is asserted and the access terrninated For non-MMU accesses then transactions occur over the 
CPU Subsystem Bus and each peripheral is responsible for determining whether or not the CPU is in the 
correct mode (based on the cpu_acode signals) to be permitted access to its registers. Note that all of the 
PEP registers are accessed via the PCU which is on the CPU Subsystem Bus. 

PS3: 

elsif ( ( cpu_mmu_adr > DRAMTop) AND (cpu_mmu_adr < UnusedBottom)) then 
// We are in the CPU Subsystem/PEP Subsystem address space 

cpu_adr = cpu_raruu_adr [21:0) 

if <cpu_adr_peri_masked « MKU.base) then // access is to local registers 
peri_access_en = 0 
dram_access_en = 0 

if (cpu_acode == SuperviaorData Space) then 
for (i=0; i<26; i++) { 

if <(i =» cpu_mmu_adr ( 6 : 2 ) ) then // selects the addressed register 
if (cpu_rwn «= 1) then 

mmu_cpu_data[16:0] = MMURegfi] // MMUReg[i] is one of the 
mmu_cpu_rdy =1 // registers in Table 18 

mmu_cpu_berr = 0 
else // write cycle 

MMUReg(i] = cpu_dataout [ 1 6 ; 0] 
mmu_cpu_rdy = 1 
mmu_cpu_.be rr » 0 
else // there is no register mapped to this address 

mtnu_cpu_berr =1 // do we really want a bus_error here as registers 
mmu_cpu_rdy =0 // are just mirrored in other blocks 

else // we have an access violation 
ramu_cpu_berr * 1 
mmu_cpu_rdy = 0 

else // access is to something else on the CPU Subsystem Bus 
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peri_access_en = 1 
dram_access_en = 0 
mrau_cpu_data = peri_jnmu_data 
mrnu_cpu_rdy = peri_mrau_rdy 
mmu_cpu_berr = peri_mmu_berr 

PS4 Description: The only correct accesses to the locations beneath 0x00000010 are fetches of the reset 
trap handling routine and these should be the first accesses after reset Here we trap all other accesses to 
these locations regardless of the CPU mode. This most likely cause of such an access will be the use of a 
null pointer in the program executing on the CPU. 

PS4: 

elsif (cpu_mmu_adr < 0x00000010) then //may need to translate a wider range - depends 
if <post_reset_state TRUE) ) then // on how LEON handles the reset exception. 
c PU _adr[21:0J = {ROM^base(21 : 3] , cpu_mmu_adr [ 2 : 0 J ) 
peri_access_en = 1 
drara_access_en = 0 
n, nuJL_cpu_data = peri_jnmu_data 
mmu_cpu_rdy = peri_rranu__rdy 
mmu_cpu_berr c pe r i_mmu_ber r 
else //we have a problem (almost certainly a null pointer) 
peri_access_en =0 
dranv_access_en = 0 
njmu__ cpu_berr = l 
znmu_cpu_rdy = 0 

PS5 Description: This large section of pseudocode simply checks whether the access is within the bounds 
of DRAM RegionO and if so whether or not the access is of a type permitted by the RegionOContrvl regis- 
ter. If the access is permitted then a DRAM access is initiated for all data accesses and for instruction 
fetches that result in a cache miss. All instruction fetches are returned via the ICache interface regardless 
of whether they come from a cache hit or refill from DRAM. If the access is not of a type permitted by the 
RegionOControl register then the access is terminated with a bus error 

PS5: 

elsif ( (cpu_adr_drairumas)ced >= RegionOBottom) AND { cpu_adr_dram_jna sked <= 
RegionOTop) ) then // we are in RegionO 

// We need to check that the DRAM access does not cross a 256-bit boundary 
// Only 16 or 32-bit CPU accesses are capable of traversing a 256-bit boundary 

if ( (<cpu_mrou_adr[4:0J == OxlF) AND (<cpu_ben == bOl) OR <cpu_ben == bio))) 
OR ( ( cpu_mrou_adr [ 4 : 0 ] == OxlE) AND (cpujben == blO) ) 
OR ( (cpu_jnmu_adrt4:0] == OxlD) AND (cpu_ben == blO) > ) then 

peri_access_en = 0 

dram_access_en = 0 

ironu_c pu__be r r = 1 

mmu_cpu_rdy = 0 

else // access does not cross 256-bit boundary so we can proceed 
cpu_adr c cpujnmu_odr (21:0] 
if (cpu_rwn == 1) then 

if < <cpu_acode == SupervisorProgramSpace AND RegionOControl (2 ) == 1)) 
OR (cpu_acode == UserProgramSpace AND RegionOControl [ 5] 1)) then 

// this is a valid instruction fetch from RegionO 
peri_access_en = 0 
dram_access_en = 1 
mmu_cpu_data = ic_data 
rrtm u_cpu_rdy a ic_rdy 
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mmu_cpu_berr = 0 

elsif Ucpu_acode == SupervisorDataSpace AND RegionOControI (0) == 1) 
OR (cpu_acode « UserDataSpace AND RegionOControI [3 ] ==1)) then 

// this is a valid read access from RegionO 

peri_access_en = 0 
dram_access_en = 1 

mmu_cpu_data = dram_da ta // possibly drc_data if dcache is used 
mmu_cpu_rdy = dram_rdy // possibly drc_rdy 
omnu^cpu_berr = 0 



5e // we have an access violation 

peri_access_en =0 
dram_access_en = 0 
mrnu_cpu_berr - 1 
nirau_cpu_rdy - 0 



else // it is a write access 

if ( <cpu_acode == SupervisorDataSpace AND RegionOControI [ 1] == l) 

OR (cpu^acode == UserDataSpace AND RegionOControI [4] == 1)) then 

// this is a valid write access to RegionO 



peri_access_en = 0 
drair\_access_en = 1 
nunu_cpu_rdy = dram_rdy 
ramu_cpu_berr = 0 
else 

peri_access_en =» 0 
dram_access_en = 0 
mmu_cpu_berr ~ 1 
mmu_cpu_rdy = 0 



// possibly dwc_rdy if dcache is used 
//we have an access violation 



PS6 Description: This final section of pseudocode deals with the special case of a bus timeout This 
occurs when an access has been initiated but has not completed before the timeout Jimit number of pclk 
cycles. While access to both DRAM and CPU/PEP Subsystem registers will take a variable number of 
cycles (due to DRAM traffic, PCU command execution or the different timing required to access registers 
in imported IP) each access should complete before the timeout Jimit occurs. Therefore it should not be 
possible to stall the CPU by locking either the CPU Subsystem or DIU buses. However given the fatal 
effect such a stall would have it is considered prudent to implement bus timeout detection. 

PS6: 

// Only thing remaining is to implement a bus timeout function. 

if < (cpu_start_access \) then 
access_initiated = TRUE 
timeout_countdown = BusTimeout 

if ( (mmu_cpu_rdy == 1 ) OR (mmu_cpu_berr ==1 }) then 
access_initiated = FALSE 
peri_access_en * 0 
dran\_access_en = 0 

if ( (clocJc^cick == TRUE) AND (access.initiated == TRUE) ) 
if <tiroeout_countdown > 0) then 

t ime out _count down- - 
else // timeout has occurred 

peri_access_en =0 // abort the access 

dram_access_en = 0 
mmu_cpu_berr . = 1 
nmu_cpu_rdy = 0 
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11.6.6.5 ICache 



The ICache sub-block implementation is described in section 1 1.7.1.1. 



11.7 



Cache 



The decision on what type of caching solution to use on SoPEC is still open for the moment. There are 
two probable solutions: a) use the LEON caches with a minimal configuration (1 KB I and D caches) and 
b) use separate, simple one line 256-bit caches for instruction, data read and data write accesses. From a 
performance and (most likely) implementation point of view the LEON caches are the best solution how- 
ever they are much bigger than the one line caches (approx 6x). The one line caches do not offer the same 
degree of performance improvement as the LEON caches and are likely to add an extra cycle to all mem- 
ory accesses. The performance penalty for a LEON cache miss (i.e. for all memory accesses if we are not 
using the LEON caches) and the the best and worst case access times from DRAM have yet to be fully 
determined The final decision on which caching solution to use will be made when all such information is 
available. 

Therefore the section on caches, which was present in previous versions of this document but is now 
mostly out of date, has been removed (the ICache is still relevant if one line caches are used and so is 
retained). 



A caching mechanism would offer the advantage of greater aggregate performance while still guaranteeing 
a minimum level of performance. While greater performance may not be required at present for this appli- 
cation the caching mechanism offers greater efficiency (i.e. MIPS/MHz) and so the CPU clock could be 
reduced without affecting, or only negligibly affecting, the operating performance. The advantage here is 
that the design is scalable - better performance can be achieved by simply increasing the clock rate. 

As all reads from the embedded DRAM on SoPEC produce words that are 256 bits wide it is inefficient to 
hook this up to a 32-bit CPU bus as 224 bits of each read would be discarded. If the full 256-bit word is 
stored locally to the CPU as a single-line cache then a ??x performance improvement could be obtained in 
the typical case (this is of course highly code dependent). This single line cache would be very easy to 
implement as it would just involve the address to be compared to a single tag and no replacement algo- 
rithm would be required. Furthermore the area impact would be minor and there should be no performance 
penalty for cache misses. As the dram_cpu_data bus is 256 bits wide the requested word is immediately 
available to the CPU i.e. we do not need to perform critical word first reordering of the data. 
The instruction cache is only accessed for instruction fetches, not all CPU reads. These can be differenti- 
ated by signals emanating from the CPU. Non-instruction CPU reads would be supported by the data 
cache. In the case of a cache miss the read request is processed by the MMU to ensure the request is valid 
before a read request is generated on the relevant external (to the CPU block) bus. The MMU should be 
informed of a cache hit to ensure it does not generate an unneccessary read request. This requires that the 
regions used to store code are aligned on 32-byte (256-bit) boundaries. 

As there is no requirement to have more time deterministic code execution the instruction cache cannot be 
disabled. 



The Instruction Cache used in SoPEC is capable of storing just a single 256-bit DRAM word. An imple- 
mentation is depicted in Figure 22 below. The block I/Os are given in Table 24 and these should be viewed 
in conjunction with Figure 19 and Figure 20 for a complete depiction of the connectivity of the block. 



11.7.1 



Instruction Cache 



1 1. 7. 1. 1 ICache Implementation 
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Figure 22. ICache Block Diagram 



Table 24. ICache l/Os 





& 




Global SoPEC signals 


prst_n 


1 


In 


GlobaJ reset. Synchronous to pdk, active low. j 


pdk 


1 


In 


Global clock 


Toplevel ICache signals 


dram_cpu_data(255:0] 


256 


In 


Data bus from the DIU 


cpu_acode{1 .-0] 


2 


In 


CPU access control signals 


cpu_adrf21:2] 


20 


In 


CPU core address bus. 


ICache to DfU Bus interface signals 


ic_cache_hit 


1 


Out 


Cache hit signal. Tnis indicates that the current CPU read request 
Is being serviced by the ICache and so should not be retrieved from 
the DRAM. 


dram_rdy 


1 


in 


Data Ready signal. Indicates the data on the dram cpu data bus is 
valid. 


ICache to MMU Control Block signals 


ic_data(31:0] j 


32 | 


Out j 


ICache data bus 
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Table 24. ICache l/Os 











ic_ray 


1 


Out 


Ready signal from the ICache indicating the data on ic_date is valid 


dram_access_en 


1 


Out 


DRAM access enable signal. Indicates that the current CPU access 
is a valid ORAM access. 



Description: 

The Tag stores the DRAM word address of the word currently in cache. The Tag contents are compared 
with cpu_odr[21:5] each time the CPU requests an instruction fetch from a valid DRAM address (indi- 
cated by cpu^acodefOJ and dram_access_en). If a match occurs (i.e. a cache hit) the access is serviced by 
returning the correct 32 bits (as selected by cpu_adr[4:2]) to the MMU Control Block. If a match does not 
occur (i.e. a cache miss) the ic_cachejiit line is held low indicating to the DIU Bus Interface that a 
DRAM access should commence. Completion of the DRAM access is signalled by the assertion of 
dram_rdy and this causes the ICache contents to be updated, the Tag value replaced and the relevant 32 
bits forwarded to the CPU accompanied by the assertion of the ic_rdy signal. It is updated each time the 
cache line is refilled from DRAM. All instruction fetches from DRAM are cacheable, regardless of which 
DRAM region is being accessed (although the access permissions still need to match those programmed 
for the region) and whether the CPU is in user or supervisor mode. 



11.7.2 Data Cache 



1 1 .8 Realtime Debug Unit (RDU) 



The RDU facilitates the observation of the contents of most of the CPU addressable registers in the SoPEC 
device m addition to some pseudo-registers in realtime. The contents of pseudo-registers, i.e. registers that 
are collections of otherwise unobservable signals and that do not affect the functionality of a circuit are 
dermed in each block as required. Many blocks do not have pseudo-registers and some blocks (e.g. ROM 
PSS) do not make debug information available to the RDU as it would be of little value in realtime debug.' 
Each block that supports realtime debug observation features a DebugSelect register that controls a local 
mux to determine which register is output on the block's data bus (i.e. block_cpu data). One small draw- 
back with reusing the blocks data bus is that the debug data cannot be present on the same bus during a 
CPU read from the block. An accompanying active high blockjzpu^debug^yalid signal is used to indicate 
when the data bus contains valid debug data and when the bus is being used by the CPU. There is no arbi- 
tration for the bus as the CPU will always have access when required. A block diagram of the RDU is 
shown m Figure 23. 
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• cpr_cpu_debug_va!kJ 
■ diu_cpu_debug_valid 

gpio_cpu_debug_valid 

• icu_cpu_debug_valid 
► lss_cpu_debug_valid 

pcu_cpu_debug_valid 
scb_cpu_debug_valid 
tim_cpu_debug_vatid 

mmu_debug_valid 



DebugSrc 
Register 



• cpr_cpu_dataJ31 rO] 

• diu_cpu_debug__data(31:0] 

• gpio_cpu_dala{31 :0] 

- icu_cpu_dataf31:0l 

- Iss_cpu_data{31:0] 

- pcu_cpu_data[31 :0] 

• scb_cpu_data[3l :0] 

• tim_cpu_data|31 :0] 

mmu_debug_data[31:0] 



debug_data_valid 




debug_data_out[0] 



ta_out[0] rl 

T~fc 



1 



Debug 

DataOSrc 

Register 



debug_data_out[1 7] 
< 



v 



Debug 
Data17Src 
Register 

t> 



debug_cntri[18:0] 



Debug 
PinSel 
Register 
> 



Figure 23. Realtime Debug Unit block diagram 



Table 25. RDU I/Os 





i 


om 




BHHHHHOHHI 


diu_cpu_data 


32 


In 


Read data bus from the DIU block 


cpr_cpu_data 


32 


In 


Read data bus from the CPR block 


gp«o_cpu_data 


32 


In 


Read data bus from the GPIO block 


icu_cpu_data 


32 


In 


Read data bus from the ICU block 


lss_cpu_data 


32 


In 


Read data bus from the LSS block 


pcu_cpu_debug_data 


32 


In 


Read data bus from the PCU block 
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Table 25. RDU UOs 



mmmm 


ws. 


IK 




scb_cpu_data 


32 


In 


Read data bus from the SCB block 


tim_cpu_data 


32 


In 


Read data bus from the TIM block 


diu_cpu_debug_valkJ 


1 


In 


Signal Indicating the data on the diujcpu_data bus is valid debug 
data. 


tim_cpu„debug_va!id 


1 


In 


Signal Indicating the data on the tim_cpu_data bus is valid debug 
data. 


scb_cpu,debug_vaJid 


1 


In 


Signal indicating the data on the $cb_cpu^data bus Is valid debug 
data. 


pcu_cpu_debug_valid 


1 


In 


Signal indicating the data on the pcu_cpujdata bus is valid debug 
data. 


lss_cpu_debug_valid 


1 


In 


Signal indicating the data on the lss_cpu_data bus is valid debug 
data. 


icu_cpu_debug_valid 


1 


In 


Signal indicating the data on the icu^cpu data bus is vaJid debug 
data. 


gpio_cpu_debug_valid 


1 


In 


Signal indicating the data on the gpio_cpu_data bus is valid debug 
data. 


cpr_crju_debug_valid 


1 


In 


Signal indicating the data on the cpr_cpu_data bus is valid debug 
data. 


debug_data_out 


18 


Out 


Output debug data to be muxed on to the PHI/GPIOfother pins 


debug_data_valid 


1 


Out 


Debug valid signal indicating the validity of the data on 
debugLdata_out. This signal is used in all debug configurations 


debug_cntrf 


19 


Out 


Control signal for each PHI bound debug data line indicating 
whether or not the debug data should be selected by the pin mux 



As there are no spare pins that can be used to output the debug data to an external capture device some of 
the existing UOs will have a debug multiplexer placed in front of them to allow them be used as debug 
pins. Unfortunately many of the pins on SoPEC cannot even be multiplexed in this fashion so it will not be 
possible to output a full 32-bit debug data word every cycle. The exact number of pins available for multi- 
plexing had yet to be finalised at the time of writing. This specification assumes 20 pins will be available 
but this can easily be revised up or, more likely, down. Furthermore not every pin that has a debug mux 
will always be available to carry the debug data as they may be engaged in their primary purpose e.g. as a 
GPIO pin. The RDU therefore outputs a debug jcntrl signal with each debug data bit to indicate whether 
the mux associated with each debug pin should select the debug data or the normal data for the pin.The 
DebugPinSel is used to determine which of the 20? potential debug pins are enabled for debug at any par- 
ticular time. 

As it is not possible to output a full 32-bit debug word every cycle the RDU supports the outputting of an 
n-bit sub-word every cycle to the enabled debug pins. Each debug test would then need to be re-run a num- 
ber of times with a different portion of the debug word being output on the n-bit sub- word each time. The 
data from each run should then be correlated to create a full 32-bit (or whatever size is needed) debug 
word for every cycle. The debugjdata^yalid and pclk_put signals will accompany every sub-word to allow 
the data to be sampled correctly. The pclk_out signal is sourced close to its output pad rather than in the 
RDU to minimise the skew between the rising edge of the debug data signals (which should be registered 
close to their output pads) and the rising edge of pclk_out. 

As multiple debug runs will be needed to obtain a complete set of debug data the n-bit sub-word will need 
to contain a different bit pattern for each run. For maximum flexibility each debug pin has an associated 
DebugDataSrc register that allows any of the 32 bits of the debug data word to be output on that particular 
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debug data pin. The debug data pin must be enabled for debug operation by having its corresponding bit in 
the DebugPinSel register set for the selected debug data bit to appear on the pin. 

The size of the sub-word is determined by the number of enabled debug pins which is controlled by the 
DebugPinSel register. Note that the debug_data_valid signal is always output. Furthermore 
debug^cntrlfOJ (which is configured by DebugPinSel [0 J) controls the mux for both the debug_data_valid 
and pclk_out signals as both of these must be enabled for any debug operation. 

The mapping of debug_datajout[n] signals onto individual pins will take place outside the RDU. When 
the exact mapping has been finalised it will be recorded here. A proposed mapping is shown in Table 26 
below. 



Table 26. Example DebugPinSel mapping 



mm 




0 


phLfrclk. The debug_data^vafid signal will 
appear on this pin when enabled. Enabling this 
pin also automatically enables the phi_readl pin 
which will output the pd/^out signal 


1 


phi_profiie 


2 


phijsyncl 


3 


test pin 1 


4 


test pin2 


5-18 


gpio[0...13] 



Table 27. RDU Configuration Registers 




0x80 



0x84 



DebugSrc 



DebugPinSel 



19 



0x00 



0x0,0000 



Denotes which block is supplying the debug 
data. The encoding of this block is given below. 
0-MMU 
1 - TIM 

2- LSS 

3- GPIO 

4- SCB 

5- ICU 

6- CPR 

7- DlU 

8- PCU 



Determines whether a pin is used for debug data 
output. A provisional mapping of pin to bit posi- 
tion Is given in Table 26. 
1 - Pin outputs debug data 
0 - Normal pin function 



0x88 to OxCC 



DebugDataSrcN 



0x00 



Selects which bit of the 32-bit debug data word 
will be outputted on debug_data_out[N] 



1 1 .9 Interrupt Operation 



The interrupt controller unit (see chapter 14) generates an interrupt request by driving interrupt request 
lines with the appropriate interrupt level. LEON supports 15 levels of interrupt with level 15 as the highest 
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level (the SPARC architecture manual [32] states that level 15 is non-maskable but we have the freedom to 
mask this if desired). The CPU will begin processing an interrupt exception when execution of the current 
instruction has completed and it will only do so if the interrupt level is higher than the current processor 
priority. If a second interrupt request arrives with the same level as an executing interrupt service routine 
then the exception will not be processed until the executing routine has completed. 

When an interrupt trap occurs the LEON hardware will place the program counters (PC and nPC) into two 
local registers. The interrupt handler routine is expected, as a minimum, to place the PSR register in 
another local register to ensure that the LEON can correctly return to its pre-interrupt state. The 4-bit inter- 
rupt level (irl) is also written to the trap type (tt) field of the TBR (Trap Base Register) by hardware. The 
TBR then contains the vector of the trap handler routine the processor will then jump. The TBA (Trap 
Base Address) field of the TBR must have a valid value before any interrupt processing can occur so it 
should be configured at an early stage. 

Interrupt pre-emption is supported while ET (Enable Traps) bit of the PSR is set This bit is cleared during 
the initial trap processing. In initial simulations the ET bit was observed to be cleared for up to 30 cycles. 
This causes significant additional interrupt latency in the worst case where a higher priority interrupt 
arrives just as a lower priority one is taken. 

The interrupt acknowledge cycles shown in Figure 24 below are derived from simulations of the LEON 
processor and accompanying interrupt controller. This interrupt controller will be replaced by the ICU in 
the SoPEC design. The LEON signal names are used for future reference. An interrupt is asserted by driv- 
ing its (encoded) level on the iui.irl[3:0] signals. The LEON core responds to this, with variable timing, by 
reflecting the level of the taken interrupt on the iuo.irl[3:0J signals and asserting the acknowledge signal 
iuo.intackThe interrupt controller then removes the interrupt level one cycle after it has seen the level been 
acknowledged by the core. If there is another pending interrupt (of lower priority) then this should be 
driven on iuUrl[3:0] and the CPU will take that interrupt (the level 9 interrupt in the example below) once 
it has finished processing the higher priority interrupt The iuo.irl[3:0] signals always reflect the level of 
the last taken interrupt, even when the CPU has finished processing all interrupts. 



pclk 



iui.irl[3:0] 0x0 



0x5 



0x0 



iuoJfl[3:0] K^^SN^^SS^ 0x5 



iuoJntack 



iui.ir![3:0] Q 



0x9 



0x8 



iuo. 



irl[3:0] Q 
iuo.intack 



OxA 



0x9 



Figure 24. Interrupt acknowledge cycles for a single and pending interrupts 
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J3 



11.10 Boot Operation 

See section 17.2 for a description of the SoPEC boot operation. 

11.11 Software Debug 

Software debug mechanisms are discussed in the "SoPEC Software Debug" document [15]. 
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12 Serial Communications Block (SCB) 

12.1 Overview 

The Serial Communications Block (SCB) handles the movement of all data between the SoPEC and the 
host device (i.e. PC) and between master and slave SoPEC devices. The SCB consists of a USB 1 . 1 device 
controller, an Inter-SoPEC Interface (ISI) and a DMA manager. A block diagram of the SCB is shown in 
Figure 25 below. The major blocks of the SCB, namely the ISI, USB and DMA manager, could be imple- 
mented as separate blocks but are integrated to take advantage of the performance gains and design simpli- 
fications that a tighter coupling allow. 



D +« ^ 

— HE) 




usb_clk 

usb_cpr_reset_n 

cpu_adrfn:2] 
cpu_dataout[31 :0] 
scb_cpu_data[31 :0J 

cpu_scb_seJ 
cpu_rwn 
cpu_acode[2:0J 
scb_cpu_rdy 
scb_cpu_be rr 
dma_icu_irq 
isUcuJrq 
usbjcu_irq 

scb_diu_wadr{21:5] 
scb_diu_data[63:0] 
scb_diu_wreq 
diu_scb_wack 
scb_diu_wvalid 



■> scb_cpu_debug_valid 



isi_cpr_reset_n 



prst_n 
pcik 



Figure 25. Serial Communications Block 

The USB Controller will be an imported piece of IP. There are many possible sources of this block but it is 
likely that it will be supplied by the silicon vendor - all three current silicon vendor candidates will supply 
USB 1 . 1 controllers, although some of these have been sourced from a third party. 

The SCB can be seen in the context of the overall SoPEC device in Figure 26 below 
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Figure 26. SoPEC toplevel block diagram 
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SI 



12.2 Definitions of I/Os 



Table 28. Serial Communications Block I/O 









Clocks and Resets j 


prst_n 


1 


In 


System reset signal. Active low. 


pdk 


1 


In 


System cfock. . 


usb_clk 


1 


In 


Clock for the USB controller block. 


isLcpr_reset_n 


1 


Out 


Signal from the ISI Indicating that ISI activity has been detected 
while in sleep mode and so the chip should be reset Active low. 


usb_cpr_reset_n 


1 


Out 


Signal from the USB controller that a USB reset has occurred. j 
Active low. 


CPU Irrterface 


cpu_adrfn:2] 


n-1 


in 


CPU address bus. Exact width is currently TBD as It is dependent 
on the address maps of imported IP ■ 


cpu_dataout{31:0] 


32 


In 


Shared write data bus from the CPU 


scb_cpu_data(31:0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 




In 


Common read/hot-write signal from the CPU 


cpujc[2:0] 




In 


CPU Function Code signals. 


cpu_scb_sel 




In 


Block select from the CPU. When cpu_scb_sel is high both cpu_adr 
and cpu_dataoutare valid 


scb_cpu_rdy 




Out 


Ready signal to the CPU. When sco_cpu_/o>is high it indicates the 
last cycle of the access. For a write cycle this means cpu_dataout 
has been registered by the SCB and for a read cyde this means the 
data on scb_cpu_data is valid. 


scb_cpu_berr 




Out 


Bus error signal to the CPU indicating an invalid access. 


scb_cpu_debug_valid 




Out 


Signal indicating that the data currently on scb_cpu_data is valid 
debug data 


Interrupt signals 


dmajcu_irq 




Out 


DMA interrupt signal to the interrupt controller block. 


isijcujrq 




Out 


ISI interrupt signal to the Interrupt controller block. 


irsb_icu_irq 




Out 


USB interrupt signal to the interrupt controller block. 


DIU Interface 


scb_diu_wadrf21:5] 


17 


Out 


Write address bus to the DIU 


scb_diu_data[63:0] 


64 


Out 


Data bus to the DIU. 


scb_diu_wreq 




Out 


Write request to the DIU 


diu_scb_wack 




In 


Acknowledge from the DIU that the write request was accepted. 


scb_d*ru_wvalid 




Out 


Signal from the SCB to the DIU indicating that the data currently on 
the scb_diu_data[63:0} bus is valid 


GPIO interface 


isi__gpio_dotrt(1:0] 


2 


Out 


ISI output data to GPIO pins 


isr_gpk>_e[1 :0] 


2 


Out 


ISI output enable to GPIO pins 


Qpio JsLdin{1 :0] 


2 


In 


input data from GPJO pins to ISI j 
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| 12.3 MULTI-SOPEC SYSTEMS 

While single SoPEC systems are expected to form the majority of SoPEC systems the SoPEC device must 
also support its use in multi-SoPEC systems such as that shown in Figure 27 below. A SoPEC may be 
assigned any one of a number of identities in a multi-SoPEC system. A SoPEC may be one or more of a 
PrintMaster, a LineSyncMaster, an ISIMaster, a StorageSoPEC or an ISISlave SoPEC 



r — «i 

I replaceable i 
i ink cartridge i 




prfnthead assembly 



Figure 27. A3 duplex system featuring four printing SoPECs with a single 

SoPEC DRAM device 



12.3.1 ISIMaster device 

The ISIMaster is the only device allowed to drive the common ISI line (see Figure 28) and interfaces 
directly with the host. In most systems the ISIMaster will simply be the SoPEC connected to the USB bus. 
Future systems, however, may employ an ISI-Bridge chip to interface between the host and the ISI bus and 
in such systems the ISI-Bridge chip will be the ISIMaster. There can only be one ISIMaster on an ISI bus. 

12.3.2 PrintMaster device 

The PrintMaster device is responsible for co-ordinating all aspects of the print operation. This includes 
starting the print operation in all printing SoPECs and communicating status back to the host. When the 
ISIMaster is a SoPEC device it is also likely to be the PrintMaster as well. There may only be one Print- 
Master in a system and it is most likely to be a SoPEC device. 
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12.3.3 Line SyncMaster device 

The LineSyncMaster device generates the Isync pulse that ail SoPECs in the system must synchronize 
their line outputs with. Any SoPEC in the system could act as a LineSyncMaster although the PrintMaster 
is probably the most likely candidate. It is possible that the LineSyncMaster may not be a SoPEC device at 
all - it could, for example, come from some OEM motor control circuitry. There may only be one LineSyn- 
cMaster in a system. 

12.3.4 Storage device 

For certain printer types it may be realistic to use one SoPEC as a storage device without using its print 
engine capability - that is to effectively use it as an ISI-attached DRAM. A storage SoPEC would receive 
data from the ISIMaster (most likely to be an ISI-Bridge chip) and then distribute it to the other SoPECs as 
required No other type of data flow (e.g. ISlSlave -> storage SoPEC -> ISlSlave) would need to be sup- 
ported in such a scenario. The SCB supports this functionality at no additional cost because the CPU han- 
dles the task of transferring outbound data from the embedded DRAM to the ISI transmit buffer. The CPU 
in a storage SoPEC will have almost nothing else to do. 

12.3.5 ISlSlave device 

Multi-SoPEC systems will contain one or more ISlSlave SoPECs. An ISlSlave SoPEC is primarily used to 
generate dot data for the printhead IC it is driving. 

12.3.6 ISI-Bridge device 

SoPEC is targeted at the low-cost small office / home office (SoHo) market. It may also be used in future 
systems that target different market segments which are likely to have a high speed interface capability. A 
future device, known as an ISI-Bridge chip, is envisaged which will feature both a high speed interface 
(such as USB2.0, Ethernet or IEEE1394) and one or more ISI interfaces. The use of multiple ISI buses 
would allow the construction of independent print systems within the one printer The ISI-Bridge would be 
the ISIMaster for each of the ISI buses it interfaces to. 

12.3.7 Host device 

The host device will invariably be, but is not required to be, a PC. Any device that can act as a USB host or 
that can interface to an ISI-Bridge chip could be the host device. In particular, with the development of 
USB On-The-Go (USB OTG), it is possible that a number of USB OTG enabled products such as PDAs or 
digital cameras will be able to directly interface with a SoPEC printer. 

12,4 Types of communication 

12.4.1 Communications with host 

The host communicates directly with the ISIMaster in order to print pages. When the ISIMaster is a 
SoPEC, the communications channel is USB 1.1. 

f 2.4. 1. 1 Host to IS/Master communication 

The host will need to communicate the following information to the ISIMaster device: 

• Communications channel configuration and maintenance information 

* All data destined for PrintMaster, ISlSlave or storage SoPEC devices. This data is simply relayed by 
the ISIMaster 

* Mapping of virtual communications channels, such as USB endpoints, to IS! destination 
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12.4. 1. 2 iSIMaster to host communication 

The ISIMaster will need to communicate the following information to the host: 

• Communications channel configuration and maintenance information 

• All data originating from the PrintMaster, ISISlave or storage SoPEC devices and destined for the host. 
This data is simply relayed by the ISIMaster 

1 2.4. 1.3 Host to PrintMaster communication 

The host will need to communicate the following information to the PrintMaster device: 

• Program code for the PrintMaster 

• Compressed page data for the PrintMaster 

• Control messages to the PrintMaster 

• Tables and static data required for printing e.g. dead nozzle tables, dither matrices etc. 

• Authenticatable messages to upgrade the printer's capabilities 

1 2.4. 1.4 PrintMaster to host communication 

The PrintMaster will need to communicate the following information to the host: 

• Printer status information (i.e. authentication results, paper empty/5 ammed etc.) 

• Dead nozzle information 

• Memory buffer status information 

• Power management status 

• Encrypted SoPEC_id for use in the generation of PRINTER_QA keys during factory programming 

12.4.1.5 Host to ISfSiave communication 

All communication between the host and ISISlave SoPEC devices must take place via the ISIMaster. In 
the case of a SoPEC ISIMaster it is possible to configure each individual USB endpoint to act as a control 
channel to an ISISlave SoPEC if desired, although the endpoints will be more usually used to transport 
data. The host will need to communicate the following information to ISISlave devices over the comms/ 
ISI: 

• Program code for ISISlave SoPEC devices 

• Compressed page data for ISISlave SoPEC devices 

• Control messages to the ISISlave SoPEC (where a control channel is supported) 

• Tables and static data required for printing e.g. dead nozzle tables, dither matrices etc. 

• Authenticatable messages to upgrade the printer's capabilities 

12.4.1.6 iSiSlave to host communication 

All communication between the ISISlave SoPEC devices and the host must take place via the ISIMaster. 
The ISISlave will need to communicate the following information to the host over the comms/ISl: 

• Responses to the host's control messages (where a control channel is supported) 

• Dead nozzle information from the ISISlave SoPEC. 

• Encrypted SoPEC Jd for use in the generation of PRINTER_Q A keys during factory programming 
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12.4.2 



Communication over ISI 



12.4.2. 1 iSIMaster to PrintMaster communication 



The ISrMaster and PrintMaster will often be the same physical device. When they are different devices 
then the following information needs to be exchanged over the ISI: 

• All data from the host destined for the PrintMaster (see section 12.4.1 .3). This data is simply relayed 
by the ISIMaster 



The ISIMaster and PrintMaster will often be the same physical device. When they are different devices 
then the following information needs to be exchanged over the ISI: 

• All data from the PrintMaster destined for the host (see section 12.4.1.4). This data is simply relayed 
by the ISIMaster 



The ISIMaster may wish to communicate the following information to the ISISlaves: 

• All data (including program code such as ISIId enumeration) originating from the host and destined for 
the ISISlave (see section 12.4.1.5). This data is simply relayed by the ISIMaster 

• wake up from sleep mode 



The ISISlave may wish to communicate the following information to the ISIMaster: 
• All data originating from the ISISlave and destined for the host (see section 1 2.4. 1.6). This data is sim- 
ply relayed by the ISIMaster 



When the PrintMaster is not the ISIMaster all ISI communication is done in response to ISI ping packets 
(see 12.6.4.5). When the PrintMaster is the ISIMaster then it will of course communicate directly with 
the ISISlaves. The PrintMaster SoPEC may wish to communicate the following information to the ISISla- 
ves: 

• Ink status e.g. requests for dotCount data i.e. the number of dots in each color fired by the printheads 
connected to the ISISlaves 

• configuration of GPIO ports e.g. for clutch control and lid open detect 

• power down command telling the ISISlave to enter sleep mode 

• ink cartridge fail information 

This list is not complete and the time constraints associated with these requirements have yet to be deter- 
mined. 

In general the PrintMaster may need to be able to: 

• send messages to an ISISlave which will cause the ISISlave to return the contents of ISISlave registers 
to the PrintMaster or 

• to program ISISlave registers with values sent by the PrintMaster 

This should be under the control of software running on the CPU which writes messages to the ISI/SCB 
interface. 



12.4.2.2 PrintMaster to ISIMaster communication 



12.4.2.3 iSIMaster to ISISlave communication 



12.4.2.4 ISISlave to ISIMaster communication 



12.4.2.5 PrintMaster to ISISlave communication 
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12.4.2.6 iSISIave to PrintMaster communication 

ISISlaves may need to communicate the following information to the PrintMaster: 

• ink status e.g. dotCount data i.e. the number of dots in each color fired by the printheads connected to 
the ISISlaves 

• band related information e.g. finished band interrupts 

• page related information i.e.bufTer underrun, page finished interrupts 

• MMU security violation interrupts 

• GPIO interrupts and status e.g. clutch control and lid open detect 

• printhead temperature 

• printhead dead nozzle information from SoPEC printhead nozzle tests 

• power management status 

This list is not complete and the time constraints associated with these requirements have yet to be deter- 
mined. 

As the ISI is an insecure interface commands issued over the ISI should be of limited capability e.g. only 
limited register writes allowed The software protocol needs to be constructed with this in mind. In general 
ISISlaves may need to return register or status messages to the PrintMaster or ISIMaster. They may also 
need to indicate to the PrintMaster or ISIMaster that a particular interrupt has occurred on the ISISIave. 
This should be under the control of software running on the CPU which writes messages to the ISI block. 

12.4.2.7 ISISIave to ISISIave communication 

It is currently not anticipated that there will be any direct communication between ISISIave SoPECs. How- 
ever they can communicate indirectly via the ISIMaster SoPEC. The most likely scenario for such a com- 
munication mechanism when the PrintMaster is not the ISIMaster (see sections 12.4.2.5 and 12.4.2.6 for a 
description of the information exchanged between a PrintMaster and an ISISIave). ISISIave to ISISIave 
communication would also be required when sending data stored in a storage SoPEC device to an 
ISISIave. 

12.5 USB 

The USB1 . 1 interface for the printer should consist of the USB connector, the necessary discretes for USB 
signalling and the SoPEC device. A SoPEC printer will act as a self-powered, full-speed device and 
SoPEC itself will not draw any power from the USB cable. It will support control and bulk transfers. 
Interrupt transfers are not considered necessary because the required interrupt-type functionality can be 
achieved by sending query messages over the control channel on a scheduled basis. There is no require- 
ment to support either isochronous or low-speed transfers. The USB controller must support at least 5 
USB endpoints: a control endpoint (endpoint 0) and 4 bulk-data type endpoints. These 4 bulk-data type 
endpoints can be used for the transfer of any type of data: compressed page data, program data or control 
messages. They may also be mapped on to any target destination in a multi-SoPEC system i.e. configura- 
tion is completely programmable. They are envisaged as always being used as USB IN endpoints i.e. they 
will transport data from the host to SoPEC. Any feedback data (e.g. status information) will be returned to 
the host on the control channel (endpoint 0). 

The USB device enumeration process will be handled by the SoPEC CPU and USB controller. Note that 
this requires the on-chip ROM to contain all the required USB driver code. This is not expected to be the 
full USB driver but rather a "USB-lite" driver that has sufficient functionality to download a program to 
DRAM. 

Details of the configuration registers and interface signals will be provided when the implementation IP 
for the USB controller core has been selected. There are several potential candidates for the USB1 . 1 con- 
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troller that are being evaluated in terms of cost, maturity, licensing requirements/restrictions, quality of 
deliverables etc. - as already mentioned the choice of silicon vendor is likely to play a laree part in select- 
ing the USB controller. 

12.5.1 ISIMaster/ISISlave Identification 

While the USB controller is used for data transfer if a SoPEC is an ISIMaster it may, in certain cases, also 
be used to transfer data to an ISISlave. If the USB is not used for data transfer the device will certainly be 
an ISISlave. In this case the USB pins could be used to identify the device as an ISISlave as the USB 
device controller is expected to allow the single-ended quiescent state of the USB pins to be read by the 
CPU either directly or indirectly (as there should be a register indicating whether the USB controller is 
operating as a full-speed or low-speed device). We adopt the convention that an ISIMaster SoPEC has its 
USB pins configured for full-speed operation (i.e. a pull-up resistor on D+) and an ISISlave SoPEC has its 
USB pins configured for low-speed operation (i.e. a pull-up resistor on D-). This allows the ROM boot- 
code to quickly deterrnine whether the SoPEC is an ISIMaster or ISISlave without needing to wait for 
USB activity. While the ISISlave SoPEC's USB controller believes it is a low-speed device it is never used 
and may be disabled completely (if possible) once the device has been identified as an ISISlave. Note that 
other combinations on the EH and D- lines may result in unreliable operation of the USB controller. 
The SoPECs identity as an ISIMaster or ISISlave may also be determined from USB or ISI activity. If 
activity is seen on USB endpoints 2-4 then the device is an ISIMaster (note that it is not neccessarily an 
ISIMaster if activity is only seen on endpoints 0 or 1) and the ISI may automatically configure itself as an 
ISIMaster in this situation. If the ISI receives ping packets then it is an ISISlave as only the ISIMaster can 
send ping packets. 

The most suitable ISIMaster/ISISlave identification scheme (i.e. use of USB pins or looking for USB/ISI 
activity) can be chosen by the software for any given printer. 

12.5.2 Wake-up from sleep mode 

The SoPEC will be placed in sleep mode after a suspend command is received by the USB controller. The 
extent of power-down in sleep mode is currently TBD (different silicon vendors offer different options) 
but it is expected to involve the loss of DRAM contents at a minimum. The USB controller (or portions of 
it) will continue to be powered and clocked in sleep mode. It is likely that a USB reset, as opposed to a 
device resume, will be required to bring SoPEC out of its sleep state as the sleep state is hoped to be logi- 
cally equivalent to the power down state. The exact reawakening mechanism will be finalised when the 
sleep state is more precisely defined and the particular implementation of the USB controller is chosen. 
The USB reset signal originating from the USB controller will be propagated to the CPR (as 
usb_cpr_reset_ji) if the USBWakeupEnable bit of the WakeupEnable register (see Table 38) has been set. 
The USB WakeupEnable bit should therefore be set just prior to entering sleep mode. 

There are no conditions that require the SoPEC to initiate a USB device wake-up (i.e. where SoPEC sig- 
nals resume to the host after being suspended by the host). 

12.5.3 USB Speed 

The USB speed will be determined by amount of activity from other devices that share the USB bus with 
the printer and the responsiveness of the host in handling USB interrupts. To guarantee bandwidth to the 
printer it is recommended that no other devices are active on the USB bus between the printer and the host. 
If the printer is connected to a USB2.0 host or hub it may limit the bandwidth available to other devices 
connected to the same hub but it would not significantly affect the bandwidth available to other devices 
upstream of the hub. Used in the recommended configuration it is expected that an effective bandwidth of 
8-9 Mbit/s will be achieved. 
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1SI (Inter SoPEC Interface) 

The ISI is utilised in all system configurations requiring more than one SoPEC. An example of such a sys- 
tem which requires four SoPECs for duplex A3 printing and an additional SoPEC used as a storage device 
is shown in Figure 27. 

The ISI performs much the same function between an ISISlave SoPEC and the ISIMaster as the USB con- 
nection performs between the ISIMaster and the host. This includes the transfer of all program data, com- 
pressed page data and message (i.e. commands or status information) passing between the ISIMaster and 
the ISISlave SoPECs. Existing requirements indicate that it is sufficient for the ISIMaster to initiate all 
communication with the ISISlaves. 

12.6.1 ISIMaster/ISISIave identification and ISISlave enumeration 

Section 12.5.1 details how a SoPEC is configured as an ISIMaster or ISISlave. The ISHd is established by 
software downloaded over the ISI (in broadcast mode) which looks at the input levels on a number of 
GPIO pins to determine the I Slid For any given printer that uses a multi-SoPEC configuration it is 
expected that there will always be enough free GPIO pins on the ISISlaves to support this enumeration 
mechanism. 

Wake-up from sleep mode 

Either the PrintMaster SoPEC or the host may place any of the ISISlave SoPECs in sleep mode prior to 
going into sleep mode itself. The ISISlave device should then ensure that its ISIWakeupEnable bit of the 
WakeupEnable register (see Table 38) is set prior to entering sleep mode. In an ISISlave device the ISI 
block will continue to receive power and clock during sleep mode so that it may monitor the gpio_isi_din 
lines for activity. When ISI activity is detected during sleep mode and the ISIWakeupEnable bit is set the 
ISI asserts the isi_cpr_resetjn signal. This will bring the rest of the chip out of sleep mode by means of a 
wakeup reset. See chapter 16 for more details of reset propagation. 

12.6.3 ISI speed 

The ISI will need to run at speed that will allow error free transmission on the PCB while minimising the 
buffering and hardware requirements on SoPEC. While an ISI speed of 10 Mbtt/s is adequate to match the 
effective USB1.1 bandwidth it would limit the system performance when a high-speed connection (e.g. 
USB 2.0, IEEE 13 94) is used to attach the printer to the PC. Although they would require the use of an extra 
ISI-Bridge chip such systems are envisaged for more expensive printers (compared to the low-cost basic 
SoPEC powered printers that are initially being targeted) in the future. 

An ISI line speed (i.e. the speed of each individual ISI wire) of 32 Mbit/s is therefore proposed as it will 
allow ISI data to be oversampled 5 times (at a pclk frequency of 160MHz). The total bandwidth of the ISI 
will depend on the number of pins used to implement the interface. The current expectation is that two 
pins will be used, giving a peak raw bandwidth of 64 Mbit/s, and this is the scenario that is used in this 
document. However the ISI protocol will work equally well if four pins are used for transmission/recep- 
tion and this would give a peak raw bandwidth of 128 Mbit/s. The number of pins available for the ISI is 
currently under investigation as part of the package selection process. With either a two or four pin ISI 
solution a 32 Mbit/s line speed would allow the movement of data in to and out of a storage SoPEC (as 
described in 12.3.4 above), which is the most bandwidth hungry ISI use, in a timely fashion. 

The maximum effective bandwidth of a two wire ISI, after allowing for protocol overheads and bus turn- 
around times, is expected to be approx. 50 Mbit/s. 



12.6 



I 



12.6.2 



I 
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12.6.4 ISI protocol 



The ISI is a serial interface utilizing a two wire half-duplex configuration as shown in Figure 28 below. An 
ISiMaster must always be present and up to 14 ISISlaves may also be on the ISI bus. The ISI bus enables 
broadcasting of data, ISiMaster to ISISlave communication, ISISlave to ISiMaster communication and 
ISISlave to ISISlave communication. Flow control, error detection and retransmission of errored packets is 
also supported. ISI transmission is asynchronous and a Start field is present in every transmitted packet to 
ensure synchronization for the duration of the packet. Bit-stuffing is required as it is expected that synchro- 
nization cannot be guaranteed for the length of the longest allowed packet 1 Open Issue: This should be 
confirmed with the spec of the crystal used with SoPEC. We may wish to constrain the spec of xtalin and 
also xtalin for the ISI-Bridge chip to ensure the ISI cannot drift out of sync during packet reception. 



ISiMaster 

SoPEC 

(ISIIdO) 

DO 
D1 




■ 


L 


ISISlave 
SoPEC #1 
(ISIIdl) 

DO 
D1 






















ISISlave 
SoPEC #2 
(lSlld2) 

DO 
D1 






ISISlave 
SoPEC #3 
(ISI(d3) 

DO 
D1 









Figure 28. I3I configuration with four SoPEC devices 

To maximize the effective ISI bandwidth while minimising pin requirements a two wire half-duplex inter- 
leaved transmission scheme is used. Figure 29 below shows how a 16-bit word is transmitted from an ISi- 
Master to an ISISlave. Data is interleaved on a bit-by-bit basis over the two ISI lines and this requires all 
ISI packets to be an even number of bits in length. This interleaving could easily be extended to four pins 
if required. 

All ISI transactions are initiated by the ISiMaster and every non-broadcast data packet needs to be 
acknowledged by the addressed recipient. An ISISlave may only transmit when it receives a ping packet 
(see section 1 2.6.4.5) addressed to it. To avoid bus contention all ISI devices must wait one bit-time (5 pclk 
cycles) after detecting the end of a packet before transmitting a packet (assuming they are required to 
transmit). All non-transmitting ISI devices must tristate their Tx drivers to avoid line contention. A pull-up 
resistor is therefore required on both ISI lines to reduce the possibility of false data detection. The ISI pro- 
tocol is defined to avoid devices driving out of order (e.g. when an ISISlave is no longer being addressed). 
As the ISI will use standard I/O pads there will be no physical collision detection mechanism. 



I . Current max packet size ~= 290 bits = 145 bits per line (on a 2 wire ISI) = 725 160MHz cycles. Thus the pclks in the two communicat- 
ing ISI devices should not drift by more than one cycle in 725 i.e. 1 379 ppm. Careful analysis of the crystal, PLL and oscillator specs 
and the sync detection circuit is needed here to ensure our solution is robust 
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Figure 29. Half-duplex interleaved transmission from ISIMaster to ISISIave 

There are three types of ISI packet: a long packet (used for data transmission), a ping packet (used by the 
ISIMaster to prompt ISISlaves for packets) and a short packet (used to acknowledge receipt of a packet). 
All ISI packets are delineated by a Start and Stop fields and transmission is atomic i.e. an ISI packet may 
not be split or halted once transmission has started 



12. €.4. 1 tSi transactions 



The different types of ISI transactions are outlined in Figure 30 below. As described later all NAKs are 
inferred and ACKs are not addressed to any particular ISI device. 



ISIMaster 






- — -—Jong^ 







ISISIave A 



ISISIave B 



ISIMaster 



Transaction 1: Long packet to an addressed ISISIave 
ISISIave A 



ISISJave B 



Transaction 2: Ping packet to an addressed ISISIave. ISISIave has nothing to send 
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IS I Master 



JSISIave A 



ISISiave B 




j£sZ%°L 3 A t^S^J^J^^ m^™^™^ ™* * Packet 



ISISIaveB and ISISlaveB responds with an ACK or NAK. 
ISIMaster ISISiave A 



to 




ISISiave B 



I™?!?^ 0 ^ 4: Pi U g u Pa f^ t0 an addr « sed ISISiave. ISISlaveA responds with a long packet to 
the ISIMaster and the ISIMaster responds with an ACK or NAK. 

Figure 30. tSI transactions 

12.6.4.2 Start field description and bit stuffing 

The Sfcw field serves two purposes: To allow the start of a packet be unambiguously identified and to 
allow the ; receiving device synchronise to the data stream. The symbol, or data value, used to identify a 
Start field must not legitimately occur in the ensuing packet. Bit stuffing is used to guarantee that the Start 
symbol will be unique in any valid (i.e. error free) packet. The Start symbol should therefore be suffi- 
ciently long to ensure that the bit stuffing overhead is low but should still be short enough to reduce its own 
contribution to the packet overhead. A Start bit length of 8 bits is therefore used as it is an effective com- 
SSS^O^Ut tet ^ COnStraintS ' 1,16 Start field> Uke ^ in a P***. * transmitted with its 

If the correct symbol value is used bit stuffing offers the further advantage of forcing transitions on the 1SI 
lineswbich will allow synchronization be maintained. Unfortunately a symbol value that is good for forc- 
ing transitions (e.g. 0x00) is not good for guaranteeing initial synchronization and vice versa i e a symbol 
such as OxAA would ensure initial synchronization but cannot prevent synchronization being lost if a long 
run ot zeroes or ones is subsequently transmitted. 

T6 resolve this conflict the Start symbol will be OxAA and three different types of bit stuffing are used 
Whenever OxAA is encountered in the data stream a 0 is inserted before the msb resulting in the 9-bit 
value 0xl2A (,.e blOlOlOlO -> blOOlOlOlO). To ensure transitions occur during a long run of zeroes a 1 
is inserted after 7 zeroes thus 0x00 becomes 0x080 (i.e. bOOOOOOOO -> bOlOOOOOOO). Likewise to ensure 
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transitions will occur during a run of ones a 0 is inserted after 7 ones and so OxFF becomes 0xl7F (i.e. 
bl 1 1 1 1 1 1 1 -> blOl 1 1 1 1 1 1). The receiving ISI device must detect these special values and strip out the 
inserted ones and zeroes. 

Note that any violation of bit stuffing will result in the FrameError status bit being set and the incoming 
packet will be treated as an errored packet. Furthermore if the Start field is not received as OxAA the 
FrameError status bit is set and incoming data is discarded until a correct Start field is detected 
In a truly random data such a bit stuffing scheme could cause an overhead of approx. 0.15% While the 
data transmitted over the iSI will not be truly random (0x00 and OxFF are likely to occur more often than 
they would in a random data set) the overhead should remain low and will never exceed 11 1% Ci e 1 in 
every 9 bits). 

12.6.4.3 Stop fiefd description 

A 2-bit Stop field (= bl I) is used to ensure that both lines return to the high state before the next packet is 
transmitted. Two bits are required because the Stop field will be interleaved over both ISI lines (4 bits 
would be used in a 4 wire 1ST). The Stop field is not subject to bit stuffing because bit stuffing could result 
in the final transmitted bit being a 0 on one of the ISI lines. 

12. 6.4. 4 ISI long packet description 

The format of a long ISI packet is shown in Figure 31 below. Data may only be transferred between ISI 
devices using a long packet as both the short and ping packets have no payload field. Except in the case of 
a broadcast packet, the receiving ISI device will always reply to a long packet with either an explicit ACK 
{no error detected in received packet) or an inferred NAK (an error was detected in the received packet) 




Start 


Pkt 
Desc 


Address 


Payload 


CRC 


Stop 



L 



8 bits 3 bits 5 bits 



256 bits 



16 bits 2 bits 
Figure 31. ISI long packet 

All long packets begin with the Start field as described earlier. The PktDesc field is described in Table 29. 
Table 29. PktDesc field description 



Packet type indicator: 
1 - Short packet 

0 - Non-short (i.e. long/ping) packet 
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Table 29. PktOesc field description 







1 


Data paytoad present indicator 

1 - This packet contains payload (i.e. long packet) 

0 - This packet has no payload 


2 


Sequence bit value. Onfy valid for long packets. See section 12.6.4.8 for a 
description of sequence bit operation 



. -V — m w.v. ojaicm amy uansmii a long pacicet out only the lSIMastcr may initiate an ISI trans- 

actxon using a long packet. An ISISlave may only send a long packet in reply to a ping message from the 
ISIMaster. A long packet from an ISISlave may be addressed to any ISI device in the system although the 
ISIMaster (or the PrintMaster if it is a different device) will be the usual recipient. 

The Address field is straightforward and complies with the ISI naming convention described in section 

The payload field is exactly what is in the transmit buffer of the transmitting ISI device and gets copied 
into the receive buffer of the addressed ISI device(s).When present the payload field is always 256 bits. 
To ensure strong error detection a 16-bit CRC is appended This CRC is calculated over the entire packet 
(excluding the Start and Stop fields). The HDLC standard CRC-16 (i.e. G(x) = x 16 + x 12 + x s +/) is to be 
used for this calculation, which is to be performed serially. 



1Z6.4.S ISI ping packet 



The ISI ping packet is used to allow ISISIaves transmit on the ISI bus. As can be seen from Figure 32 
below the ping packet is cab be viewed as a special case of the long packet. In other words it is a long 
packet without any payload, whose PktDesc field is always bOOO and whose ISISubld is always 1 The 
ISISuWd is unused in ping packets because the ISIMaster is addressing the ISI device rather than one of 
5? C •? , m dBViCe - 1116 ISIS,ave ^ address any ISIId.ISISubld in response if it wishes 

f ' x,7t^ reSp ° nd t0 a ping packet either w ex P ,icit ACK ('f it has nothing to send), an 
inferred NAK (if it detected an error in the ping packet) or a long packet (containing the data it wishes to 
send). Note that inferred NAKs do not result in the retransmission of a ping packet This is because the 
ping packet will be retransmitted on a predetermined schedule (see 1 2.6.4.10 for more details) 




Start 


Pkt 
Desc 


Address 


CRC 


Stop 



L 



8 bits 3 bits 5 bits 16 bits 2 bits 

Figure 32. ISI ping packet 

An ISISlave should never respond to a ping message to the broadcast ISIId as this must have been sent in 
error. An ISI pmg packet will never be sent in response to any packet and may only originate from an ISI- 
Master. 
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12.6.4.6 ISI short packet description 

J hC ,K ISI ^r Pa£ ? 6 ! " 0nly i 4 bitS '° ng ' induding the Start 311(1 St °P fie,ds - A value ofblOOl is proposed 
for the ACK symbol. As a 1 6-bit CRC is inappropriate for such a short packet it is not used. In fact there is 
only one valid value for a 14-bit short ACK packet as the Start, ACK and Stop symbols aU have fixed val- 
ues Short packets are only used for acknowledgements (i.e explicit ACKs). The format of a short ISI 
packet is shown in Figure 33 below. 



Start 


Ack 
Symbol 


Stop 


ii ii 


8 bits 


4 bits 


2 bits 



Figure 33. Short ISI packet 



12.6.4.7 Error detection and retransmission 



The 16-bit CRC will provide a high degree of error detection and the probability of transmission errors 
occurring is very low as the transmission channel (i.e. PCB traces) will have a low inherent bit error rate 
«T^T^l r ofundetected errors shouJ d therefore be minute. A simple retransmission mechanism frees 
the CPU from getting involved in error recovery for most eirors because the probability of a transmission 
error occurring more than once in succession is very, very low in normal circumstances. 
After each non-short ISI packet is transmitted the transmitting device will open a reply window. The size 
of the reply window will be 9 bit times (i.e. 14 bits transmitted on two wires plus 2 bit times to allow for 
bus turnarounds and timing differences) when a short packet is expected and 147 bit times (i e 290 bits 
transmitted on two wires plus 2 bit times to allow for bus turnarounds and timing differences) when a long 
packet is expected in reply. * 

When a packet has been received without any errors the receiving ISI device must transmit its acknowl- 
edge packet (which may be either a long or short packet) before the reply window closes. When detected 
errors do occur the receiving ISI device will not send any response. The transmitting ISI device interprets 
this lack of response as a NAK indicating that errors were detected in the transmitted packet or that the 
receiving device was unable to receive the packet for some reason. If a long packet was transmitted the 
transmitting ISI device will keep the transmitted packet in its transmit buffer for retransmission. If the 
ttansmittmg device is the ISIMaster it will retransmit the packet immediately while if the transmitting 
device is an ISISIave it will retransmit the packet in response to the next ping it receives from the ISlMas- 

The transmitting ISI device will continue retransmitting the packet when it receives a NAK until it either 
receives an ACK or the number of retransmission attempts equals the value of the NumRetries register If 
the transmission was unsuccessful then the transmitting device sets the TxBrror bit in its ISIStatus register 
The receiving device also sets the RxErwr bit in its ISIStatus register whenever it detects NumRetries + I 
errored packets in succession. The NumRetries registers in all ISI devices should therefore be set to the 
same value for consistent operation. Note that successful transmission or reception of ping packets do not 
affect ratransnussion operation. Open Issue: In the case of an ISI device receiving a packet in error from 
an ISISIave the NumRetries count will be reset if it subsequently receives an error free packet from any ISI 
device (which may not be the ISISIave that transmitted the errored packet). Thus the RxError operation is 
only effecnve for ISIMaster to ISISIave transactions as these are the only ones where retransmissions will 
be sequentiaL Either we live with this or we could implement a NumRetriesCount window which would 
allow all NAKs within a specified window to be counted. If NumRetries is exceeded within this window 
men we have a RxError otherwise we can reset the count. 
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Note that either a transmit or receive error will cause the ISI to stop transmitting or receiving respectively 
CPU intervention will be required to resolve the source of the problem and to restart the ISI transmit or 
receive operation. Transmit or receive errors should be extremely rare and their occurrence will most 
likely indicate a serious problem. 

Note that broadcast packets are never acknowledged to avoid contention on the common ISI lines. If an 
ISISlave detects an error in a broadcast packet it must use the message passing mechanism described ear- 
lier to alert the ISIMaster to the error. 



1 2. 6.4. 8 Sequence bit operation 



To ensure that commumcation between transmitting and receiving ISI devices is correctly ordered a 
sequence bit is included in every long packet to keep both devices in step with each other. Sequence bits 
are not used for short or ping packets as they are not used for data transmission. In addition to the transmit- 
ted sequence bit all ISI devices keep two local sequence bits, one for each ISISubld Furthermore each ISI 
device maintains a transmit sequence bit for each ISIId and ISISubld it is in communication with For 
packets sourced from the host (via USB) the transmit sequence bit is contained in the relevant USBEPnD- 

%r^f2 Cr f ° f paCkCtS S0UrCCd fr0m ^ CPU the transmit seq^nce bit is contained in the 

CPUISITxBuffCnlrl register. The sequence bite for received packets are stored in DMAOSeqBU and 
DMAISeqBit registers. All ISI devices will initialise their sequence bits to 0 after reset. It is the responsi- 
bility of software to ensure that the sequence bits of the transmitting and receiving ISI devices are cor- 
rectly initialised each time a new source is selected for any ISIId.ISISubld channel. 
Sequence bits are not used in all broadcast and ping packets. Each SoPEC may also ignore the sequence 
bit on either of its ISISubld channels by setting the appropriate bit in the SequenceMosk register The 
sequence bit should be ignored for ISISubld channels that will carry data that can originate from more 
than one source and is self ordering e.g. control messages. 

A receiving ISI device will toggle its sequence bit addressed by the ISISubld only when the receiver is 
able to accept data and receives an error-free data packet addressed to it The transmitting ISI device will 
toggle its sequence bit for that ISIId.ISISubld channel only when it receives a valid ACK handshake from 
the addressed ISI device. 

Figure 34 shows the transmission of two long packets with the sequence bit in both the transmitting and 
receiving devices toggling from 0 to 1 and back to 0 again. The toggling operation will continue in this 
manner in every subsequent transmission until an error condition is encountered. 



Transmitting 
ISI Device 



Receiving 
ISI Device 



0 








^__aql- 


0 -> 1 

1 


0 -> 1 






1 


^£50^7 






— 


1 ->0 
0 


1 ->0 







Figure 34. Successful transmission of two long packets with sequence bit toggling 
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When the receiving ISI device detects an error in the transmitted long packet or is unable to accept the 
packet (because of full buffers for example) it will not return any packet and it will not toggle its local 
sequence bit An example of this is depicted in Figure 35. The absence of any response prompts the trans- 
mitting device to retransmit the original (seq=0) packet. This time the packet is received without any errors 
(or buffer space may have been freed) so the receiving ISI device toggles its local sequence bit and 
responds with an ACK. The transmitting device then toggles its local sequence bit to a 1 upon correct 
receipt of the ACK. 



Transmitting 
ISI Device 



0-> 1 



Receiving 
ISI Device 




Figure 35. Sequence bit operation with errored long packet 

However it is also possible for the ACK packet from the receiving ISI device to be comipted and this sce- 
itano is shown in Figure 36. In this case the receiving device toggles its local sequence bit to 1 when then 
long packet is received without error and replies with an ACK to the transmitting device. The transmitting 
device detects an error in the ACK packet and so will not change its local sequence bit. It then retransmits 
the seq=0 long packet. When the receiving device finds that there is a mismatch between the transmitted 
sequence bit and the expected (local) sequence bit is discards the long packet and replies with an ACK 
When the transmitting ISI device correctly receives the ACK it updates its local sequence bit to a 1 , thus 
restonng synchronization. Note that when the SequenceMask bit for the addressed ISISubld is set then the 
retransmitted packet is not discarded and so a duplicate packet will be received. The data contained in the 
packet should be self-ordering and so the software handling these packets (most likely control messages) 
is expected to deal with this eventuality. 



Transmitting 
ISI Device 



Receiving 
ISI Device 




Figure 36. Sequence bit operation with ACK error 
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1Z6.4.9 Flow control 



^ iZ^Z Jr ^ g ^ " CXaCtly *** manner m *™ in *• received 

^S'fl^r JL. S ^ J T 8reatCT guarant eed bandwidth to DRAM than both the ISI and USB can 

SSlST Tl » b£ , 'T"* dUring n0nnal 0peration - ^ b,ocka g e o« « DMA channel Z 
soon result in the NumRetnes value being exceeded and transmission to that DMA channel being haked 

d„Tr*° W ^ " mannCr 515 311 erTor in * e received I— neither tT£aZ£ 

ting nor the receivmg ISI dev,ce will be able to differentiate the cause of a TxError or RxError. 

12.6.4.10 Auto-ping operation 

WimJJ£££lZ™? teT C ° Uld ,T d f Ping Packet by ^ * e a PP">P^ ^der to the 
Zf^^ -f ^ 15 CXpeCted * at dl ping P flckets wiI1 bc 8 encrated * the ISI itself He use 
of automatically generated p.ng packets ensures that ISISlaves will be given access to the ISI bus with a 

ST^T"? ""TT ^ aranteed freauenc y » Edition to whenever it is idle. Five registers facilitate 
fsiT^TJT^tn r 8 Wkhin ISI: Pi "SScheduleO. PingSchedulel PingSchedule2 

%^££S5S£ pin8in8 - be enabIed or **" by ^ t0 L AutoPin - 

Each bit of the 14-bit PingScheduleN register corresponds to an ISIId that is used in the Address field of 
™ h ? a , m ^ b u P0Siti ° n iDdiCateS a P ing P* 0 *" is to be grated that ISIId, A 0 

h^LnJ P °^ 0n W CnSU ? ^ n .° PiDg paCket iS generated for ** ISIId - As KISlaves may differ in 
heirband^add! requirement framcularly if a storage SoPEC is present) three different PingSchedule reg- 

S ™ . cL^ ISISkVe reCCive UP t0 *"* times ** of pings as another aJnVe 

^ o . j ; „ Master ) 'SI Pmg packets will be transmitted according to the pattern given by the three 
J? ^ ?t ISI ^ Start With *• ,sb of registe'r Jd w^teway S 

SI ^ttZif^TT^FT*^ *» -* «* reached Z 

SSEJ^SL rfft * M, * W ^ t0 ^ through each bit Potion of each «^ 

StoreS ^ e JsB ti CPU f rH^ in8 ° Per f u° n WC °r haVC threC potential sources of Packets in an ISIMaster 
outefde'the fs'l ^ ^1 ^ 1 ^ blt T° n betWeCn * e CPU 311(1 USB fo r access to the ISI is handled 
oSLt wh 2 LT 7 7 bUt , arb,trati ° n betW6en aut °" ping packets and CPU/USB originating 

packets, winch we wil refer to as local packets, happens within the ISI. To ensure that local packets aet 

*>? b ' e « d *« Pi"8 Packets can have some guaranteed access to T. T^Zo t 

if- 4 ; 1 c ^ ely ^ It T SaCt, ° n 18 IIunated fe y the ISIMaster touismitting either a long packet or a ping 
bota an! S SS^I? " deCTemcnted for -ory ISI transaction when contention occur^ 2 
S nackl *t 1 P3C « 7xr h u WhUe ^ ISn ~»>**>d counter is decremented for every 

local packet that is transmitted. Neither counter is decremented by a retransmitted packet. 

n^TtT^ 8 ^^/ IS i b !f dwidth ^o^ to both local and ping packets is determined by the val- 
the tnl IS £° ta * enod ISUocalPeriod registers. Local packets will always be given priority when 

coun^io^ S/rJ friT ^ ^ Wi " to ^ ^o^ - hen ^e l&ocSSS 
r^Int , MTotalPeriod counter is still non-zero. Both the ISITotalPeriod and ISILocalPe- 

££S£ SSS !UZ?" nCXt ' 0Cal K PaCk6t reqUeSt aftef ^ counter has 

SS^-^'S£ y mmimiSeS ^ maximUm lateDCy for ping P ack ^ « the expense of maxi- 

Note that ping packets are quite likely to get more than their guaranteed bandwidth as thev will be trans- 

"XackeHn t omS^- S " " ^ ^ a " d 50 d ° ™ ^r^^o^Z. 
racket SS^fS u " eVer 8Ct m ° re than ,heir guaranteed bandwidth because each local 
packet transmitted decrements both counters. The difference between the values of the ISITotalPeriod and 
ISILocalP ™<* listers determines the number of automatically generated ping packe ts CZ ^ 
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teed to be transmitted every ISITotalPeriod number of ISI transactions. If the ISITotalPeriod and ISlLo- 
calPeriod values are the same then the local packets will always get priority and could totally exclude ping 
packets if the CPU always has packets to send. 

For example if ISITotalPeriod = OxC; ISILocalPeriod = 0x8; PingScheduleO = 0x07; PingSchedulel = 
0x06 and PingSchedule2 = 0x04 then four ping messages are guaranteed to be sent in every 12 ISI transac- 
tions. Furthermore ISIId3 will receive 3 times the number of ping packets as ISIdl and ISIId2 will receive 
twice as many as ISIdl. Thus over a period of 36 contended ISI transactions (allowing for two full rota- 
tions through the three PingScheduleN registers) when local packets are always pending 24 local packets 
will be sent, ISIdl will receive 2 ping packets, ISId2 will receive 4 pings and ISId3 will receive 6 ping 
packets. If local traffic is less frequent then the ping frequency will automatically adjust upwards to con- 
sume all idle ISI bandwidth. 



12.6.4. 11 list Registers 



Table 30 below details the ISI configuration registers. Note that some of these registers are also used bv 
other blocks in the SCB. 



Table 30. ISI configuration registers 



^^^^ 




mn 




0x00 


ISICntrl 


5 


0x2 


ISI Control register 


0x04 


(Slid 


4 


0x1 


ISI Id for this SoPEC. A value of 0 indicates the 
device Is an ISIMaster. Note that the SoPEC resets 
to being an ISISlave and thai OxF (the broadcast 
I Slid) is an illegal value and should not be written to 
this register. 


0x08 


NumRetries 


4 


0x02 


Number of retransmissions to attempt in response to 
a NAK before aborting a long packet transmission 


OxOC 


ISI PingScheduleO 


14 


0x0000 


Denotes which ISIIds will be receive ping packets. 
Note that bitO refers to ISIIdl , Wt1 to ISIId2...bit13 to 
ISIW14. 


0x10 


ISIPtngSchedulel 


14 


0x0000 


As per PingScheduleO 


0x14 


ISIPingSchedule2 


14 


0x0000 


As per PingScheduleO 


0x18 


ISITotalPeriod 


4 


OxF 


Reload value of the ISITotalPeriod counter 


0x1 C 


ISILocalPeriod 


4 


OxF 


Reload value of the ISILocalPeriod counter 


0x20 


ISlStatus 


6 


0x00 


ISI Status register. This register is Readonly. 


0x24 


iSlMask 


6 


0x00 


ISI Interrupt Mask register 


0x30 - 0x4C 


CPLNSITxBuff 


32 


n/a 


32-byte CPUISI transmit buffer 


0x50 


CPUISITxBuffCntrf 


13 


0x0000 


Control register for the CPUISI transmit buffer 


0x60 - 0x7C 


CPUISIRxBuff 


32 


n/a 


32-byte ISI receive buffer. This is the half of the dou- 
ble buffer that contains the oldest data. 


0x80 


ISIRxBuffOest 


1 


0x0 


Only one of the CPU and the DMA manager is 
allowed to empty the receive buffer at any time. 
1 = CPU will empty the receive buffer 
0 = DMA manager will empty the receive buffer 



12.6.4.11.1 



ISI control register 

The ISICntrl register is described in Table 31 below. Note that the reset value of this register allows the 
SoPEC to automatically become an ISIMaster (AutoMasterEnable « 1) if any USB packets are received on 
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endpoints 2-4. On becoming an ISIMaster the ISIId register is set to 0, the TxE noble bit of the ISlCntrl reg- 
ister is set and any USB or CPU packets destined for other ISI devices are transmitted. The CPU can over- 
ride this capability at any time by clearing the AutoMasterEnable bit. Automatic ping operation can only 
be enabled by the CPU as the reset values of the PingScheduhN registers are all 0 and neither DMA chan- 
nel is automatically configured 



Table 31. ISlCntrl register 



TxEnaWe 




UK 






u 


Enables IS! transmission of long or ping packets. This is deared by 
transmit errors and so needs to be restarted by the CPU. Note that 
ACKs may still be transmitted when this bit is 0. 
1 = Transmission enabled 
0 = Transmission disabled 


RxEnable 


1 


Enables ISI reception. This is cleared by receive errors and so 
needs to be restarted by the CPU. 
1 = Reception enabled 
0 = Reception disabled 


AutoPingEnable 


2 


Enables auto-ping operation 
1 = auto-ping enabled 
0 = auto-ping disabled 


AutoMasterEnable 


3 


Enables the device to automaticalfy become the ISIMaster if activ- 
ity is detected on USB endpoints2-4. 
1 =auto^naster operation enabled 
0 = auto-master operation disabled 



12.6.4.11.2 ISI status register 



The ISIStatus register is read-only to the CPU. Status bits are set by the relevant condition occurring and 
are cleared by writing to either the TxEnable or RxEnable bits of the ISlCntrl register or the CPUISITx- 
Buff. 

Table 32. ISIStatus register 





mm 


mMmMMmmmmmmmm 


FrameError 


0 


Framing error detected in the received packet. This can be caused 
by an incorrect Start or Stop field or by bit stuffing errors 


RxError 


1 


A CRC error or flow control condition was detected in NumRe- 
fr/es+i successive packets (excluding ping packets) 


RxBuffFull 


2 


There is no space remaining in the receive double buffer 


RxBuffOverflow 


3 


An overflow has occurred In the ISI receive buffer and a packet had 
to be dropped. 


CPUISlTxBuffEmpty 


4 


The CPUISlTxBuff is empty 


TxError 


5 


Transmission error. Receiving ISI device would not accept the 
transmitted packet. Only set after NumRetries unsuccessful 
retransmissions (excluding ping packets). 
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12.6.4.11.3 ISI mask register 

An interrupt will be generated in an edge sensitive manner i.e the ISI will generate an isi icujrq pulse 
each time a status bit goes high and the corresponding bit of the ISlMask register is enabled. 



Table 33. ISlMask register 







mm 




trameErrortnttn 


0 


Interrupt enable mask bit for the FrameError status bit 


RxErrorfntEn 


1 


Interrupt enable mask bit for the Rx Error status bit 


RxBuffFurtlntEn 


2 


Interrupt enable mask bit for the RxBuffFull status bit 


RxBuffOve rftowln iEn 


3 


Interrupt enable mask bit for the RxBuffOverflow status bit 


CPU IS rTxBuffEmpty- 
IntEn 


4 


Interrupt enable mask bit for the CPU IS ITxBuff Empty status bit 


TxErrorlntEn 


5 


Interrupt enable mask bit for the TxError status bit 



12.6.4.11.4 CPUISITxBuffCntrl register 

The CPUISITxBuffCntrl register contains the header field for the packet in the CPU1SI transmit buffer 
Writing to this buffer validates the contents of the CPUISI transmit buffer i.e. each time the CPU places a 
packet in the CPUISI transmit buffer it must write the packet header to this register to initiate its transfer in 
to the SCB transmit buffer (see section 12.7). Note that the CPU is responsible for toggling the sequence 
bit of any long packets it wishes to transmit. The CPUISITxBuffEmpty status bit will be set when CPUTx- 
PktSize bytes have been transferred to the SCB transmit buffer. 



Table 34. CPUISITxBuffCntrl register 







KKtuesc 


2:0 


PktDesc field (as per Table 29) for the packet currently in the CPU- 
ISI transmit buffer. 


DestlSISubld 


3 


Indicates which DMAChannel of the target SoPEC the data in the 
CPUISI transmit buffer is destined for: 

0 a DMAChannelO 

1 = DMAChannel 1 


OestlSild 


7:4 


Denotes the ISIId of the target SoPEC as per Table 35 



12.7 SCB Mapping 



In order to support maximum flexibility when moving data through a multi-SoPEC system it is possible to 
map any USB endpoint onto either DMAChannel within any SoPEC in the system. A logicai view of the 
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SCB is shown in Figure 37. This view differs from the likely implementation but it allows for a clearer 
depiction of data movement within the SCB. 



SCB 



CPUISl 
TxBuffer 



USB 
Host 



USB 

Controller 



SCB 

Control 

Block 



CPU Subsystem Bus 



SCB 

TxBuffer 



SCB 
Map 



DMA 
Manager 



Channel! 



ISI 



CPU 



DKU 



— isLdin 
■> isLdout 



Figure 37. SCB logical view 

The SCB map, and indeed the SCB itself is based around the concept of an ISIId and an ISISubld. Each 
SoPEC in the system has a unique ISIId and two ISISublds, namely ISISubldO and ISISubld!. We use the 
convention that ISISubldO corresponds to DMAChannelO in each SoPEC and ISISubldl corresponds to 
DMAChannell. The naming convention for the ISIId is shown in Table 35 below and this would corre- 
spond to a multi-SoPEC system such as that shown in Figure 27. We use the term ISIId instead of SoPE- 
Cld to avoid confusion with the unique ChipID used to create the SoPECJd and SoPEC_id key 0 
chapter 17 and [9] for more details). 



Table 35. ISIId naming convention 



see 









0 


ISIMaster (typically a SoPEC connected to the host via USB1 . 1 ) 


1 -14 


ISISIave1-14 


15 


Broadcast ISIId 



The combined ISIId and ISISubld therefore allow us to address any DMAChannel in the system. The ISI, 
DMA manager and SCB map hardware use the ISIId and ISISubld to handle the different data streams that 
are active m a multi-SoPEC system as does the software running on the CPU of each SoPEC. In this docu- 
ment we will identify DMAChannels as ISIx.y where x is the ISIId and v is the ISISubld. Thus ISI2.1 
refers to DMAChannell of ISISIave2. Any data sent to a broadcast channel, i.e. ISI15.0 or ISI15.I, are 
received by every ISI device in the system including the ISIMaster (which may be an ISI-Bridge). 
The USB controller and software stacks however have no understanding of the ISIId and ISISubld but the 
Silverbrook printer driver software running on the host PC does make use of the ISIId and TSISubld. USB 
is simply used as a data transport - the mapping of USB endpoints onto ISIId and Subld is communicated 
from the host PC Silverbrook code to the SoPEC Silverbrook code through USB control (or possibly bulk 
data) messages i.e. the mapping information is simply data payload as far as USB is concerned. The code 
running on SoPEC is responsible for parsing these messages and configuring the SCB accordingly. 
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The use of just two DMAChannels places some limitations on what can be achieved without software 
intervention. For every SoPEC in the system there are more potential sources of data than there are sinks. 
For example an ISISlave could receive both control and data messages from the ISIMaster SoPEC in addi- 
tion to control and data from the host, either specifically addressed to that particular ISISlave or over the 
broadcast ISI channel. However all ISrSlaves only have two possible data sinks, i.e. the two DMAChan- 
nels. Another example is the ISIMaster in a multi-SoPEC system which may receive control messages 
from each SoPEC in addition to control and data information from the host (e.g. over USB). In this case all 
of the control messages are in contention for access to DMAChannelO. We resolve these potential conflicts 
by adopting the following conventions: 

1) Control messages may be interleaved in a memory buffer: The memory buffer that the 
DMAChannelO points to should be regarded as a central pool of control messages. Every control 
message must contain fields that identify the size of the message, the source and the destination of 
the control message. Control messages may therefore be multiplexed over a DMAChannel which 
allows several control message sources to address the same DMAChannel. Furthermore, if SoPEC- 
type control messages contain source and destination fields it is possible for the host to send control 
messages to individual SoPECs over the ISI15.0 broadcast channel. 

2 > Data messages should not be interleaved in a memory buffer: As data messages are typically 

part of a much larger block of data that is being transferred it is not possible to control their contents 
in the same manner as is possible with the control messages. Furthermore we do not want the CPU 
to have to perform reassembly of data blocks. Data messages from different sources cannot be inter- 
leaved over the same DMAChannel - the SCB map must be reconfigured each time a different data 
source is given access to the DMAChannel, 

3 ) Every reconfiguration of the SCB map requires the exchange of control messages: The only 

active SCB map in a multi-SoPEC system is the SCB map in the ISIMaster as all ISISlaves auto- 
matically send data addressed to themselves to either DMAChannelO or 1 i.e. the ISI is the only 
source of incoming data in an ISISlave. The ISIMaster's SCB map reset state is shown in Figure 39 
and any subsequent modifications require the exchange of control messages between the ISIMaster 
and the host. As the host is expected to control the movement of data in any SoPEC system it is 
anticipated that all changes to the SCB map will be performed in response to a request from the 
host. While the ISIMaster could autonomously reconfigure the SCB map (this is entirely up to the 
software running on the ISIMaster) it should not do so without informing the host in order to avoid 
data being misrouted. 

An example of the above conventions in operation is worked through in section 12.7.2. 

12.7.1 Host PC to ISIMaster SoPEC communication 

When considering SCB map configurations we always assume that the ISIMaster is a SoPEC device, in 
| particular the SoPEC connected to the USB bus (and receiving data on USB endpoint 2, 3 or 4), rather than 

an ISI-Bridge chip. ISI-Bridge chips are likely to have something similar to an SCB map and the following 
information should broadly apply to an ISI-Bridge but we focus here on an ISIMaster SoPEC for clarity. 
As the ISIMaster SoPEC represents the printer on the USB bus it is required by the USB specification to 
have a dedicated control endpoint, EPO. At boot time the ISIMaster SoPEC will also require a bulk data 
endpoint to facilitate the transfer of program code from the host PC. The simplest SCB map configuration, 
i.e. for a single stand-alone SoPEC, is sufficient for host to ISIMaster SoPEC communication and is shown 
in Figure 38. In this configuration all USB control information exchanged between the host and SoPEC 
over EPO (which is the only bidirectional USB endpoint). SoPEC specific control information (printer sta- 
tus, DNC info etc.) is also exchanged over EPO. 

All packets sent to the host from SoPEC over EPO must be written into the EPO FIFO by the CPU. All 
packets sent from the host to SoPEC can be placed in DRAM by the DMA Manager (as is usually the 
case) or read directly by the CPU, This asymmetry is because in a multi-SoPEC environment the CPU will 
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need to examine all incoming control messages (i.e. messages that have arrived over DMAChannelO) to 
ascertain their source and destination (i.e. they could be from an ISISlave and destined for the host) and so 
the additional overhead in having the CPU move the short control messages to the EPO FIFO is relatively 
small. Furthermore we wish to avoid making the SCB more complicated than necessary, particularly when 
there is no significant performance gain to be had as the control traffic will be relatively low bandwidth. 

The above mechanisms are appropriate for the types of communication outlined in sections 124 1 1 
through 12.4.1.4 
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Figure 38. Single SoPEC SCB map configuration and dataflow 
12.7.2 Broadcast communication 

An SCB configuration for broadcast communication is shown in Figure 39. This particular configuration is 
also the default, post power-on reset, configuration for the ISIMaster SoPEC. USB endpoints EP2 and EP3 
are mapped onto ISISublDO and ISISubldl of ISIW15 (the broadcast ISIId channel). EPO is used for con- 
trol messages as before and EPl is a bulk data endpoint for the ISIMaster SoPEC. Depending on what is 
convenient for the boot loader software, EPl may or may not be used during the initial program download 
but EPl is highly likely to be used for compressed page or other program downloads later. For this reason 
it is part of the default configuration. In this setup the USB device configuration will take place as it 
always must, by exchanging messages over the control channel (EPO). 

One possible boot mechanism is where the host PC sends the bootloaderl program code to all SoPECs by 
broadcasting it over EP3. Each SoPEC in the system then authenticates and executes the bootloaderl pro- 
gram. The ISIMaster SoPEC then polls each ISISlave (over the ISIx.O channel). Each ISISlave ascertains 
its ISIId by sampling the particular GPIO pins required by the bootloaderl and reporting its presence and 
status back to the ISIMaster. The ISIMaster then passes this information back to the host over EPO Thus 
both the host and the ISIMaster have knowledge of the number of SoPECs, and their ISIIds, in the system 
The host may then reconfigure the SCB map to better optimise the SCB resources for the particular multi- 
SoPEC system. This could involve simplifying the default configuration to a single SoPEC system (Figure 
38) or remapping the broadcast channels onto DMAChannels in individual ISISlaves. 
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Figure 39. Default SoPEC SCB map configuration and dataflow 

The following steps are required to reconfigure the SCB map from the system depicted in Figure 39 to one 
where EP3 is mapped onto ISI1 .0: 

1) The host PC sends a control message(s) to the ISIMaster SoPEC requesting that USB EP3 be 
remapped to ISI 1.0 

2) The ISIMaster SoPEC sends a control message to the host PC informing it that EP3 has now been 
mapped to IS11.0 (and therefore the host knows that the previous mapping of ISI15.1 is no longer 
available through EP3). 

3 ) The host may now send control messages directly to ISISlavel without requiring any CPU interven- 
tion on the ISIMaster SoPEC 



12.7.3 Host PC - ISISIave SoPEC communication 

The default post-boot (as opposed to post-reset) SCB map configuration for an ISISIave SoPEC is to have 
all USB endpoints unconnected. The ISI automatically forwards any data addressed to it (including broad- 
cast data) to the DMA with the appropriate ISISubld. If the ISIMaster is configured correctly (e.g. when 
the ISIMaster is a SoPEC, and that SoPEC's SCB map is configured correctly) then data sent from the host 
destined for an ISISIave will be transmitted on the ISI with the correct address. If the ISISIave has data to 
send to the host it must do so by sending a control message to the ISIMaster identifying the host as the 
intended recipient. It is then the ISIMaster's responsibility to forward this message to the host. 
With this configuration the host can communicate with the ISlsiave via broadcast messages only and this 
is the mechanism by which the bootloaderl program is downloaded. The ISISIave is unable to communi- 
cate with the host (or the ISIMaster) until the bootlloaderl program has successfully executed and the 
ISISIave has determined what its ISIId is. After the bootloaderl program (and possibly other programs) 
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has executed the SCB map of the ISIMaster may be reconfigured to reflect the most appropriate topology 
for the particular multi-SoPEC system it is part of. c«vwugy 

Ml communication from an ISISlave to host is achieved by sending messages via the ISIMaster. The 
ISISIave can never initiate communication to the host. If an ISISlave wishes to send a message to the host 
it may do one of two things: (a) wait until it is polled by the ISIMaster or (b) indicate in its ISI acknowl- 
edgement packet (sent in response to the reception of an ISI packet specifically addressed to that ISISIave) 
that it has a message to send. When the ISIMaster receives the message from the ISISlave it first examines 
it to determine the intended destination and will then copy it into the EPO FIFO for transmission to the 
host. The software running on the ISIMaster is responsible for any arbitration between messages from dif- 
ferent sources (including itself) that are all destined for the host. 

The above mechanisms are appropriate for the types of communication outlined in sections 12.4.1.5 and 

12.7.4 ISIMaster- ISISIave communication 

All ISIMaster - ISISIave communication takes place over the ISI. Immediately after reset this can only be 
by means of broadcast messages. Once the bootloaderl program has successfully executed on all SoPECs 
in a multi-SoPEC system the ISIMaster can communicate with each SoPEC on an individual basis. 

iS^Sf a ^T!T ?c£f f meSSagC t0 ?* ISIMaSter * may d ° 50 m res P onse to a P acket f ™nt *e 
ISIMaster. When the ISIMaster rece.ves the message from the ISISIave it must interpret the message to 

hSTT £S "T* 8 * C °T lUS infonnation re< » uired to «* «nt to the host. In the case of the ISIMaster 
the host S ° Cr ±C appr °P riate infonnation into the EPO FIFO for transmission to 

The above mechanisms are appropriate for the types of communication outlined in sections 12.4.2.3 and 



12.7.5 ISISIave - ISISIave communication 

ter'fs'nm mll^r^rl 0 " iS 6XPeCted t0 be ,imited t0 tW ° cases: W the PrintMas- 

T IS ^ aS,Crand W ^ hen a borage SoPEC is used. When the PrintMaster is not the ISIMaster 

wSn TlZ?* PPr meSSageS (a0d rCCeive reSp0nSeS 10 me ssages) to other ISISlaves. 

8 ' S ' ^ nCed t0 Xad t0 each SoPEC » a* s y*env All ISISIave to 

ISISIave communication will take place in response to ping messages from the ISIMaster. 

12.7.6 SCB Map configuration registers 

The SCB map is configured by mapping a USB endpoint on to a data sink. This is performed on a endpoint 
™ £ ^ f e ^ 0int * confi 8 uration ^ster to allow its data sink be selected. Mapping an endpoint 
on to a data sink does not initiate any data flow - each endpoint/data sink needs to be enabled by writing to 
the appropriate configuration registers in the USB controller/ ISI / DMA manager. 



Table 36. SCB Map configuration registers 









s 






0x100 


USBEPODest 


7 


0x20 


This register determines which of the data sinks the 
data arriving in EPO should be routed to. 


0x104 


USBEPlDest 


7 


0x21 


Data sink for USB EP1 


0x108 


US6EP2Dest 


7 


0x3E 


Data sink for USB EP2 
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Table 36. SCB Map configuration registers 




The same encoding is used for each of the USBEPnDest configuration registers and is described in 
Table 37. The lSIId register (see Table 30) allows the SCB map to identify data that should be routed to the 
DMA Manager as well as, or instead of. to the ISI. The SCB map therefore does not need special fields to 
identify the DMAChannels on the ISIMaster SoPEC as this is taken care of by the SCB hardware. Thus the 
USBEPODest and USBEPlDest registers should be programmed with 0x20 and 0x21 (for ISIO.O and 
ISIO. 1) respectively to ensure data arriving on these endpoints is moved directly to DRAM. 



Table 37. USBEPnDest register 





mm 


mmmmmmmmssmBsri 


uestisisubid 


0 


Indicates which DMAChannel of the target SoPEC the endpoint is 
mapped onto: 

0 = DMAChannefO 

1 = DMAChannell 


DestlSlfd 


4:1 


Denotes the iSlld of the target SoPEC as per Table 35 


ChannelEn 


5 


Enable bit for the DMAChannel: 

0 = Channel disabled 

1 = Channel enabled 


SequenceBrt 


6 


Sequence bit for packets going from USBEPn to OestlSlfd.Destl- 
SlSubld. Every CPU write to this register initialises the value of the 
sequence bit and this is subsequently updated by the ISI after 
every successful long packet transmission. 



A SoPEC ISIMaster should map as many USB endpoints, under the control of the host, as are required for 
the multi-SoPEC system it is part of. As already mentioned this mapping may be dynamically reconfig- 



12.7,7 SCB transmit buffer arbitration 



When the SCB transmit buffer has been emptied the SCB control logic will immediately seek to refill it 
As there may be data waiting in a USB endpoint FIFOs and in the CPUISI transmit buffer it may be neces- 
sary to arbitrate between these data sources. This arbitration is controlled by the SCBTxBuffArb register 
which contains a high priority bit for both the CPU and the USB. If only one of these bits is set then the 
corresponding source always has priority. Note that if the CPU is given absolute priority over the USB the 
software filling the CPUISI transmit buffer needs to ensure that sufficient USB traffic is allowed through 
If both bits of the SCBTxBuffArb have the same value then arbitration will take place on a round robin 
basis. 

As the speed at which the SCB transmit buffer can be emptied is at least 5 times greater than it can be filled 
by USB traffic the double buffers used for each USB endpoint will not overflow using the above scheme in 
normal operauon. There are a number of scenarios which could lead to the USB endpoints being tempo- 
rarily blocked such as the CPU having priority, retransmissions on the ISI bus, channels being enabled (cf 
the ChannelEn bit of the USBEPnDest register) with data already in their associated endpoint FIFOs or 
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short packets being sent on the USB. Care should be taken to ensure that the USB bandwidth is efficiently 
utilised at all times. 



1 2.7.8 SCB Control Block 



The SCB control block is responsible for coordinating access to and between the various sub-blocks in the 
SCB. This includes translating between the CPU subsystem bus and the USB native bus protocol, moving 
data from the USB endpoint FIFOs into the SCB transmit buffer, moving data from the CPUISI transmit 
buffer into the SCB transmit buffer and arbitrating between the CPU and itself for access to the SCB sub- 
blocks. 



Table 38. SCB control block configuration registers 




0x120 



0x124 



0x128 



WakeupEnaHe 



SCBTxBuffArb 



SCBDebugSel 



10 



ISP 



0x0 



0x0 



0x000 




This register is used to gate the propagation of the 
USB and ISI reset signals to the CPR block. Active 
high. 

WakeUpEnable[OJ: usb_cpr_re$et__n control 
WakeUpEnabletlj: isi_cpr_reset_n control 



Determines which source has priority when conten- 
tion arises in filling the SCBTxBuffer. When a bit is 
set priority is given to the relevant source. 
SCBTxBuffArbfOJ: CPU priority 
SCBTxBuffArb[1]: USB priority 



Contains address of the register selected for debug 
observation as it would appear on cpu_adr{1 1:2] 
The contents of the selected register are output in 
the scb_cpu_data bus while cpu_scb_sel is low and 
sct>_cpu_debug_valid is asserted to indicate the 
debug data is valid. 

It is expected that a number of pseudo-registers will 
be made available for debug observation and these 
will be outlined with the Implementation details. 



12.8 DMA Manager 



The DMA manager manages the flow of data between the SCB and the embedded DRAM. Whilst the 
CPU could be used for the movement of data in a USB 1 . i enabled SoPEC a DMA manager is a more effi- 
cient solution as it will handle data in a more predictable fashion with less latency and requiring less buff- 
ering. Furthermore a DMA manager is required to support the ISI transfer speed and to ensure that the 
SoPEC could be used with a high speed ISI-Bridge chip in the future. 

The DMA manager uses two independent channels, one for each ISISubld, to control the movement of 
data. Both DMAChannels only support write operation and can transfer data from any USB endpoint and 
from the ISI receive buffer. Data is moved at the soonest opportunity to do so and is always moved in 256- 
bit slices as required by the DIU. When it is not possible to use a 256-bit slice of data (e.g. at the end of a 
packet or for a short packet) the DMA manager will still use 256-bit access to the DIU. This means that for 
a DIU write (data incoming to the SoPEC) the DMA manager will pad the valid data with zeroes until a 
256-bit slice has been filled. 

The DMA manager handles all issues relating to byte/word/longword address alignment, data endianness 
and transaction scheduling. It arbitrates between data arriving from. the ISI and data arriving from a USB 
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endpoint on a round robin basis. The greater guaranteed bandwidth available to the DMA manager (50 
Mbit/s at the time of writing but this may need to be increased especially if a 4- wire ISI bus is used. See 
section 20.6 for more details) ensures that the DMA manager is non-blocking. 

While the DMA manager performs the work of moving data the CPU controls the destination and relative 
timing of dataflows to and from the DRAM. The management of the DRAM data buffers requires the CPU 
to have accurate and timely visibility of both the DMA and PEP memory usage. In other words when the 
PEP has completed processing of a page band the CPU needs to be aware of the fact that an area of mem- 
ory has been freed up to receive incoming data. The management of these buffers may also be performed 
by the host. 



1 2.8.1 Circular buffer operation 



The DMA manager supports the use of circular buffers for both DMAChannels. Each circular buffer is 
controlled by 5 registers: DMAnBottomAdr, DMAnTopAdr, DMAnMaxAdr, DMAnCurrWPtr and DMAnln- 
tAdr. The operation of the circular buffers is shown in Figure 40 below. 



Key: 




4— DMAnTopAdr 
<— DMAnlntAdr 



4— DMAnCurrWPtr 




«— DMAnMaxAdr 
DMAnBottomAdr 



4— DMAnMaxAdr 



<— DMAnlntAdr 



4— DMAnCurrWPtr 



4— DMAnBottomAdr 



(b) 



FMed buffer space (unprocessed data) 

N>yH Buffer space filled since last write to the DMAnlntAdtfDMAnMaxAdr registers 

Figure 40. Circular buffer operation 

Here we see two snapshots of the status of a circular buffer with (b) occurring sometime after (a) and some 
CPU writes occurring in between (a) and (b). These CPU writes are most likely to be as a result of a fin- 
ished band interrupt (which frees up buffer space) but could also have occurred in a DMA interrupt service 
routine resulting from DMAnlntAdr being hit. The DMA manager will continue filling the free buffer 
space depicted in (a), advancing the DMAnCurrWPtr after each write to the DIU. Note that the DMACur- 
rWPtr register always points to the next address the DMA manager will write to. When the DMA manager 
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reaches the address in DMAnlntAdr (i.e. DMACurrJVPtr = DMAnlntAdr) it will generate an interrupt if the 
DMAnlntAdrMask bit in the DMAMask register is set. The purpose of the DMAnlntAdr register is to alert 
the CPU that data (such as a control message or a page or band header) has arrived that it needs to process. 
The interrupt routine servicing the DMA interrupt will change the DMAnlniAdr value to the next location 
that data of interest to the CPU will have arrived by. 

In the scenario shown in Figure 40 the CPU has determined (most likely as a result of a finished band 
interrupt) that the filled buffer space in (a) has been freed up and is therefore available to receive more 
data. The CPU therefore moves the DMAnMaxAdr to the end of the section that has been freed up and 
moves the DMAnlntAdr address to an appropriate offset from the DMAnMaxAdr address. The DMA man- 
ager continues to fill the free buffer space and when it reaches the address in DMAnTopAdr it wraps around 
to the address in DMAnBottomAdr and continues from there. DMA transfers will continue indefinitely in 
this fashion until the DMA manager reaches the address in the DMAnMaxAdr register. 

The circular buffer is initialised by writing the top and bottom addresses to the DMAnTopAdr and DMAn- 
BottomAdr registers, writing the start address (which does not have to be the same as the DMAnBottomAdr 
even though it usually will be) to the DMAnCurrWPtr register and appropriate addresses to the DMAnln- 
tAdr and DMAnMaxAdr registers. The DMA operation will not commence until a 1 has been written to the 
relevant bit of the DMAChanEn register. 

While it is possible to modify the DMAnTopAdr and DMAnBottomAdr registers after the DMA has started 
it should be done with caution. The DMAnCurrWPtr register should not be written to while the 
DMAChannel is in operation. DMA operation may be stalled at any time by clearing the appropriate bit of 
the DMAChanEn register or by disabling an SCB mapping or ISI receive operation. 

12.8.2 DMA manager DRAM bandwidth requirements 

The DIU must guarantee the SCB enough bandwidth to ensure that neither a USB endpoint FIFO nor the 
ISI receive buffer can overrun. For example, to facilitate bursty 32 Mbit/s transfers a SoPEC with a 64- 
byte ISI receive buffer would need to be able to transfer 256 bits every 1280 cycles (@160 MHz). This is 
in addition to the USB transactions targeted at the ISIMaster SoPEC which may be in the region of 8-9 
Mbit/s. While USB has a backpressure mechanism SoPEC should strive to obtain optimum USB band- 
width utilization and so USB backpressuring should only be used as a last resort The DIU currently guar- 
antees 50 Mbit/s to the SCB and more bandwidth will be available when other DIU requestors do not take 
their slots. This is sufficient for the SCB's requirements. 

12.8.3 DMA manager configuration registers 

All of the circular buffer registers are 256-bit word aligned as required by the DIU. The DMAnBottomAdr 
and DMAnTopAdr registers are inclusive i.e. the addresses contained in those registers form part of the cir- 
cular buffer.The DMAnCurrWPtr always points to the next location the DMA manager will write to so 
interrupts are generated whenever the DMA manager reaches the address in either the DMAnlntAdr or 
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DMAnMaxAdr registers rather than when it actually writes to these locations. It therefore cannot write to 
the location in the DMAnMaxAdr register. 



Table 39. DMA Manager Configuration Registers 









0x200 


DMAOBottomAdr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
bottom of the circular buffer serviced by 
OMAChannelO 


0x204 


DMAOTopAdr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
top of the circular buffer serviced by 
DMAChannelO 


0x208 


DMAOCurrWPtr 


17 


0x0.0000 


The 256 -bit aligned DRAM address of the 
next location DMAChannetO will write to. This 
register is set by the CPU at the start of a 
DMA operation and dynamically updated by 
the DMA manager during the operation. 


0x20C 


OMAOfntAdr 


17 


0x0_0000 


The 256-bit aligned DRAM address of the 
location that will trigger an interrupt when 
reached by DMAChannetO buffer. 


0x210 


DMAOMaxAdr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
last free location in the DMAChannetO circu- 
lar buffer. The DMAChannetO transfers will 
stop when H reaches this address. 


0x214 


DMAOSeqBtt 


1 


0x0 


Sequence bit for DMAChannelO. This bit may 
be initialised by the CPU but is updated by 
the ISI each time an error-free long packet is 
received. 


0x218 


DMAIBottomAdr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
bottom of the circular buffer serviced by 
DMAChannell 


0x21 C 


DMAlTopAdr 


17 


0x0.0000 


The 256-blt aligned DRAM address of the 
top of the circular buffer serviced by 
DMAChannell 


0x220 


DMAICurrWPtr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
next location DMAChannell will write to. This 
register is set by the CPU at the start of a 
DMA operation and dynamically updated by 
the DMA manager during the operation. 


0x224 


DMA1 IntAdr 


17 


0x0_0000 


The 256-bit aligned DRAM address of the 
location that will trigger an interrupt when 
reached by DMAChannell buffer. : 


0x228 


DMAIMaxAdr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
last free location In the DMAChannell circu- 
lar buffer. The DMAChannell transfers win 
stop when it reaches this address. 


0x22C 


DMAISeqBit 


1 


0x0 


Sequence bit for DMAChannell . This bit may 
be initialised by the CPU but is updated by 
the ISI each time an error-free long packet is 
received. 


0x230 


DMAChanEn 


2 


0x0 


Enable DMA operation on a per channel 
basis. Active high. 

DMAChanEnfO]: Enable DMAChannelO 
DMAChanEnfl): Enable DMAChannell 
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Table 39. DMA Manager Configuration Registers 




12.8.3.1 DMAStatus register 

The contents of the DMAStatus register are read-only to the CPU. The status bits are not sticky bits i.e. 
they reflect the 'live' status of the channel. Status bits may only be cleared by writing to the relevant 
DMAnlntAdr or DMAnMaxAdr register. 

Table 40. DMA Status Register 





SS3 


tm mmmsmm wmm 


DMAChannefOlntAdrHft 


0 


DMAChanneiO has reached the address contained In the 
DMAOtntAdr register 


DMAChannelOMaxAdrHit 


1 


OMAChanneK) has reached the address contained in the 
DMAOMaxAdr register 


DMAChannell IntAdrHit 


2 


DMAChannell has reached the address contained in the 

DMA UntAdr register { 


DMAChannell MaxAdrHit 


3 


DMAChannell has reached the address contained in the 
DMA IMaxAdr register 



12.8.3.2 DMAMask register 



All bits of the DMAMask are both readable and writable by the CPU. The DMA manager cannot alter the 
value of this register. All interrupts are edge sensitive i.e the DMA manager will generate a dmajcujrq 
pulse each time a status bit goes high and the corresponding mask bit is enabled. 

Table 41. DMA Manager Mask Register 





OSES 




OMAChannelOlntAdrHitMask 


0 


1 = Generate an interrupt when the DMAChanneiOintAdrHit status 
bit goes high 

0 = Do not generate an interrupt when the DMAChanneiOintAdrHit 
status bit goes high 


DMAChanneiOMaxAdrHitMask 


1 


1 = Generate an interrupt when the DMAChannelOMaxAdrHit status 
bit goes high 

0 = Do not generate an interrupt when the DMAChannelOMaxAdrHit 
status bit goes high 


DMAChannel 1 1ntAdrH HMask 


2 


As per DMAChanneiOlntAdrHitMask 


DMAChanne! 1 MaxAdrHttMask 


3 | 


As per DMAChannelOMaxAdrHitMask 



12.9 SCB Implementation 



This section is still a work in progress - the information here should be ignored as it refers to an earlier ver- 
sion of the SCB 
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dnru(_icujrq 



usbitx_en 



^ usb_tx_dp 



usfl_tx_dm 



usbjnt 



usb_rx_di 



usQ_rx_di 



usC^tsuJrq 



us ^_cprlreset_n 



tei-gp|o_dout y 
^ i 



! 7* 

^ lsi_ncu_irq 

is^_cpr.reset„n 





diu_scb_wack 


— ! ► 


scb_diu_wvalid J 




scb_diu_rreq 


! * 

1 » 


4 


diu_scb_rack 






diu_scb_rvaJid 




scb_diu_wadr « ^ 




scb_diu_radr 






scb_diu_data 






TSTdata™ 


1 



DMA 
Manager 



scb_diu_wreq 



dma_cpu_data 



dma_cpu_cntr1 



dma_8Cbs_data 



6cbs_dma_data 



dma_scfas_cntrt 



7^ 



USB 



usb_scbs_data 



usb_scbs_cntrl 



7*" 



ISI 



isi_scbs_data 



scbs_jsi_data 



<sl_scbs_cntrl 



CPU 

Subsystem 
Interface 



U 



DRAM 



cpu_scb_£el 



1 cpuife ; 7 

sco_cpuJrdy Tj 



scO_cpu^Derr ? 



cpu_adr ; 



2 cpu_dataout 



CPU 
Block 



SCB 
Switch 
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Characteristics of the data channels: 

USB: Packets should be moved sequentially out of the endpoint FIFOs. The USB is the slowest compo- 
nent in the SCB but its bandwidth is most precious. However both the DMA and IS1 can transfer data (50 
and 40 Mbps respectively) much faster than the USB can receive data (12 Mbps peak rate) so no flow con- 
trol problems will occur due to a speed mismatch. If one of the DMA or ISI data sinks becomes blocked or 
inactive then the USB controller will assert backpressure (by NAKing packets) when the double buffer for 
the associated endpoint is filled. Other endpoints will remain active in this scenario and the DMA and ISI 
will still be able to transfer data at their peak rates. The worst case scenario is when all endpoints have 
their double buffers filled (because all the data sinks had been blocked/disabled) and then all data sinks 
become available again In this case the backlog will be fully cleared in 3 USB 64-byte packet times. 

ISI: The ISI can support simultaneous reception and transmission of packets. ISI packets should be trans- 
ferred sequentially in either direction. The ISI is expected to handle the packet header and trailer, if any is 
used for error detection, in both directions i.e. only raw payload data is routed through the SCB map. 

DMA: The DMA channels are unidirectional but their direction, namely whether they are transferring 
data to or from DRAM, is programmable. Each DMA transaction to DRAM will be 256 bits wide but all 
256 bits are not always valid. When a transfer of less than 256 bits is required the DMA manager pads the 
remaining bits in the 256-bit word with zeroes, in the case of a write to DRAM, or discards the unnecces- 
sary bits in the case of a DRAM read. Can we get by with single (256 bits each way or maybe even 256 
bits in all ?) buffering for the DRAM manager ? 
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dma_scbs_data 





scbs_dma_data 






dma_scbs_cntrt , 


— ► 



usb_scbs_data 



DMA 

i/f 



usb_scbs_cntn' 



USB 

i/f 



lsi_scbs_dala 



scbs_isi_data 



ISI 

i/f 



dma_dout_rdy_idl1 :0] 



dma_dout 



dma_doirt_valid 



dma_din_rdy 



dma_dinjd[1:0] 



dma_din 



r- 



dma_din valid 



usb_ep_rdy[2:0] 
usb_rx_data 7 ' 



usb_data_valid 



isL_data_rdy Jd(5 :0] 





isl_rx_data 7 


— * 




isLrx_data__va!id 






isLtx_rdy 


— 




isr_tx_data_W[4:01 


— > 




isi_tx_data / 






isi_tx_data_vaJid 





CPU 
Subsystem 
Interface 



Switch 
Logic 



Figure 41. SCB Switch block diagram 



SCB Switch pseudocode: 

const no_data_sinks = 12 

for i = 1 to no__data_sinks 
if (i <= 2) then 

sink_data is dma^din 
sink_rdy is dma_din_rdy 
sink_data_valid is dma_di n_va lid 
sink_id is dma_din_id 
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else 

sink_data is isi_tx_data 
sink_rdy is isi_tx_rdy 
sink_data_valid is isi_tx_data_valid 
sink_id is isi_tx_data_id 



if (data_src_reg(i) i = 0) then // Each data sink has an associated data source 

// register. A non-zero value means the sink is enabled 
if ( <data_src_reg[i] & OxFO) == 0x10) then // A USB endpoint is the data source 
if ((usb_ep_rdy[4] == 1) AND (usb_ep_rdy [3 : 0] == data_src_reg(i] (3 : 0] >) then 

// there is data waiting in the EP FIFO 
while ( <usb_data_valid « 1) AND (sink_rdy == 1) AND clocktick) 
sink_data = usb_rx_data 
sink_data_valid = 1 

if (i <= 2) then // The sink is a DMAChannel 
sink_id[l] = 1 
sink_id(0] - i -1 
else // The sink is an isi channel 
sink_idf5] *= 1 
sink_idl4:0] = i -1 
else // There is no data ready to go 
sink_data_valid = 0 

els if (data_src_reg 6 OxFO) == 0x20) then // The ISI is the data source 

if <isi_data_rdy_id[3;0J == data_src_reg [ i ] [3 : 0) ) then // there is data waiting 

//in the ISI receive FIFO for this ISISubld 
while <<isi_rx_data_valid == 1) AND <sink_rdy « l) AND clocktick) 
sink_data = isi_rx_data 
sink_data_valid = 1 

if <i <= 2) then // The sink is a DMAChannel 
sink_id[l) = 1 
sink_id[0) « i -1 
else // The sink is an ISI channel 
sink_id(5] = 1 
sink_id[4:0) = i -3 
else // There is no data ready to go 
sink_data_valid = 0 

els if (data_src_reg & OxFO) == 0x30) then // The DMA is the data source 

if (dma_dout_rdy_id[0) == data_src_reg(i) (0) ) then // there is data waiting 

// in the relevant DMA buffer for this sink 
while ( <dma_dout_valid 1) AND (sink_rdy =« 1) AND clocktick) 
sink_data = dma_dout 
sinx_data — valid = 1 

if (i <= 2) then // The sink is a DMA channel 
sink_id[lj « 1 
sink_id(0) = i -1 
else // The sink is an ISI channel 
sink_id[5] *= 1 
sink_id[4:0] = i -3 
else // There is no data ready to go 
sink_data_valid = 0 

The above pseudocode has a few shortcomings, particularly if all our data buses are not the same size, but 
it shows the basic functionality the switch is supposed to offer The main loop of the pseudocode (for i = 1 
to no_data_sinks) dictates what happens within one timeslot The timeslots take as long as required to 
complete and loop around endlessly. The msb of the usb_ep_rdy[4:0], xsi_data_rdyjd[5:0] and 
dma_dout_rdy_id[l :0J signals is used to indicate that data is available in the relevant block. 
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13 General Purpose IO (GPIO) 

13.1 Overview 

The General Purpose IO block (GPIO) is responsible for control and interfacing of GPIO pins to the rest of 
the SoPEC system. It provides easily programmable control logic to simplify control of GPIO functions. 
In all there are 14 GPIO pins of which certain pins have special functions, their functions are detailed as: 

• 4 Motor control IOs internally pulled down . 

• 4 General purpose high drive pulsed IOs capable of driving LEDs. 

• 4 Open drain IOs used for LSS interfaces 

• 2 Normal drive IOs used for the ISI interface in Multi-SoPEC mode 

Each of the pins can be configured in either input or output mode, each pin is independently controlled. A 
programmable de-glitching circuit exists for all input pins. Each input is a schmidt trigger to increase noise 
immunity should the input be used without the de-glitch circuit. The mapping of the above functions and 
their alternate use in a slave SoPEC to GPIO pins is shown in Table 42 below. 



Table 42. GPIO pin functionality 







gpio[3:0] 


Motor control pins / general purpose IO 


GPk>[7:4] 


LED driver ptns / general purpose IO 


QP*o[11:8) 


LSS interface pins / general purpose IO 


gpiop3:12) 


ISI Interface pins / general purpose IO 



1 3.2 Motor control 

The motor control pins can be directly controlled by the CPU or the motor control logic can be used to 
generate the phase pulses for the stepper motors. The controller consists of two central counters from 
which the control pins are derived. The central counters have several registers (see Table 44) used to con- 
figure the cycle period, the phase, the duty cycle, and counter granularity. 

There are two motor master counters (0 and 1) with identical features. The period of the master counters 
are defined by the Motor MasterClkPeriod[ 1 : 0] and MotorMasterClkSrc registers i.e. both master counters 
are derived from the same MotorMasterClkSrc. The MotorMasterClkSrc defines the timing pulses used by 
the master counters to determine the timing period. The MotorMasterClkSrc can select clock sources of 
1 us, 1 OOus, 1 Oms and pclk timing pulses. 

The MotorMasterClkPeriodfJ :0J registers are set to the number of timing pulses required before the tim- 
ing period re-starts. Each master counter is set to the relevant MotorMasterClkPeriod value and counts 
down a unit each time a timing pulse is received. 

The master counters reset to MotorMasterClkPeriod value and count down. Once the value hits zero a new 
value is reloaded from the MotorMasterClkPeriod [1:0] registers. This ensures that no master clock glitch 
is generated when changing the clock period. 

Each of the IO pins for the motor controller are derived from the master counters. Each pin has indepen- 
dent configuration registers. The MotorMasterClkSelect[3:0] registers define which of the two master 
counters to use as the source for each motor control pin. The master counter value is compared with the 
configured MotorCtrlHigh and MotorCtrlLow registers. If the count is equal to MotorCtrlHigh value the 
motor control is set to 1, if the count is equal to MotorCtrlLow value the motor control pin is set to 0. 

This allows the phase and duty cycle of the motor control pins to be varied at pclk granularity. 
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The motor control generators can be paused at the end of a clock period by setting the MotorMasterClock- 
Enable register to zero. This allows the CPU to re-configure the motor controller without causing a glitch 
on the output pins. 

13.3 LEO CONTROL 

LED lifetime and brightness can be improved and power consumption reduced by driving the LEDs with a 
pulsed rather than a DC signal. The source clock for each of the LED pins is a 7.8kHz (128us period) 
clock generated from the lus clock pulse from the Timers block. The LEDDutySelect registers are used to 
create a signal with the desired waveform. Unpulsed operation of the LED pins can be achieved by using 
CPU 10 direct control. By default the LED pins are controlled by the LED control logic. 



Master Clock 



LEDDutySelect =*) 
LEDDutySelect =1 
LEDDutySelect =2 
LEDDutySelect =3 
LEDDutySelect =4 
LEDDutySelect =5 
LEDDutySelect =6 
LEDDutySelect =7 



13.4 LSS INTERFACE VIA GPIO 

In some SoPEC system configurations one or more of the LSS interfaces may not be used. Unused LSS 
interface pins can be reused as general IO pins by configuring the CpuIOCtrl register. When a bit in the 
CpuIOCtrl is set the corresponding pin is controlled by the CPU registers, otherwise the pin is controlled 
by the LSS block. By default the LSS controls the GPIO pins 1 1 to 8. 

13.5 ISI INTERFACE VIA GPIO 

In Multi-SoPEC mode the SCB block (in particular the ISI sub-block) requires direct access to and from 
the gpio[12] and gpiofJ3J pins. Control of the ISI interface pins is determined by the CpuIOCtrl register. 

When a bit in the CpuIOCtrl is set the corresponding pin is controlled by the CPU registers, otherwise the 
pin is controlled by the ISI block directly. By default the pins are directly controlled by the ISI block. 

In single SoPEC systems the pins can be re-used by the GPIO. 

13.6 CPU GPIO CONTROL 

The CPU can assume direct control of any (or all) of the IO pins individually. On a per pin basis the CPU 
can turn on direct access to the pin by setting the CpuIOCtrl register. Once set the IO pin assumes the 
direction specified by the CpuIODirection register. When in output mode the value in register CpuIOOut 
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will be directly reflected to the output driver. When in input mode the status of the input pin can be read 
either the direct version or a deglitched form, by reading CpuIOIn and CpuIOInDeglitch respectively. 
When writing to the CpuIOOut register the top bits of the register (bits 29 to 16) are used to filter access to 
the lower bits (13 to 0). 



13.7 Programmable de-glitching logic 

Each 10 pin can be filtered through a de-glitching logic circuit. The circuit can be configured to sample the 
IO pin for a predetermined time before concluding that a pin is in a particular state. The exact sampling 
length is configurable, but each GPIO pin must use one of two possible configured values (selected by 
DeGlitchSelect). The sampling length is the same for both high and low states. The DeGlitchCount is pro- 
grammed to the number of system time units that a state must be valid for before the state is passed on. 
The time units are selected by DeGlitchClkSel and can be one of 1 us, 100us,10ms and pclk pulses. 
For example if DeGlitchCount is set to 10 and DeGlitchClkSel set to 3, then an input pin (one of gpiof 13 
to 0]) must consistently retain its value for 10 system clock cycles (pclk) before the input state will be 
propagated from CpuIOIn to CpuIOInDeglitch. 

13.8 Interrupt generation 

Any of the GPIO pins can generate an interrupt from the raw or deglitched version of the input pin. There 
are 14 possible interrupt sources from the GPIO to the interrupt controller, one interrupt per input pin. The 
InterruptSrcSelect register determines whether the raw input or the deglitched version is used as the inter- 
rupt source. 

The interrupt type, masking and priority can be programmed in the interrupt controller. 

1 3.9 Frequency analyser 

The frequency analyser measures the duration between successive positive edges on an input pin and 
reports the last period measured (FreqAnaLastPeriod) and a running average period (FreqAnaAverage). 

The running average is updated each time a new positive edge is detected and is calculated by 
FreqAnaAverage = ( FreqAnaAverage / 8 ) * 7 + FreqAnaLastPeriod I 8. 

The analyser can be used with any input pin (or its deglitched form), but only one pin at a time can be 
selected The pin is selected by the FreqAnaPinSelect and its deglitched form can be selected by 
FreqAnaPinFormSelect, 
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13.10 Implementation 

13.10.1 Definitions of I/O 



Table 43. I/O definition 







mm 




Clocks and Resets 


pclk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active low 


timj>ulse[2:0] 


3 


In 


Timers block generated timing pulses. 

0 - 1 us pulse . 

1 - 100 us pulse 

2 - 10 ms pulse 


CPU Interface 


cpu_addr[7:2] 


6 


In 


CPU address bus. Only 6 bits are required to decode the 
address space tor this block 


cpu_dataout(31 .-0] 


32 


In 


Shared write data bus from the CPU 


gpio_cpu_data[31 :0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-wTite signal from the CPU 


cpu_gpio_sel 


1 


In 


Block select from the CPU. When cpu__gpio^set is high both 
cpu_addrand cpu_dataout are valid 


gpio_cpu_rdy 


1 


Out 


Ready signal to the CPU. When gpto_cpu_ftiy Is high it Indi- 
cates the last cycle of the access. For a write cycle this means 
cpiL_dataout has been registered by the GPIO block and for a 
read cycle this means the data on gpio_cpu_data is valid. 


gpio_cpuJ>err 


1 


Out 


Bus error signal to the CPU indicating an invalid access. 


gpio_cpu_debug_valid 


1 


Out 


Debug Data valid on gpk)_cpu_data bus. Active high 


cpu_acode[1:0] 


2 


In 


CPU Access Code signals. These decode as follows: 

00 - User program access 

01 - User data access 

10 - Supervisor program access 
11- Supervisor data access 


IO Pins 


gpJo_cf13:0] 


14 


Out 


General purpose IO output to IO driver 


gploj[13:0] 


14 


In 


General purpose IO input from IO receiver 


gplo_e(13--0J 


14 


Out 


General purpose IO output control. Active high driving 



GPIOtoLSS 



lss_gpio_do[1 :0] 


2 


In 


LSS bus data output 
Bit 0 - LSS bus 0 
Bit 1 - LSS bus 1 


gpiojss_di[1:0] 


2 


Out 


LSS bus data input 
Bit 0 - LSS bus 0 
Bit 1 - LSS bus 1 


lss_gpio_e[1:0) 


2 


In 


LSS bus data output enable, active high 
Bit 0 - LSS bus 0 
Bit 1 - LSS bus 1 


lss_gpk>_clk[1 :0] 


2 


In 


LSS bus dock output 
Bit 0- LSS bus 0 
Bit 1 - LSS bus 1 



GPIO to IS! 
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Table 43. I/O definition 





EMU 


jam 




gp!ojsi_din[l:0) 


2 


Out 


Input data from IO receivers to (SI. 


isLgpk>_doutp:0] 


2 


In 


Data output from ISf to IO drivers 


isLflpio_e[1:0] 


2 


In 


GPIO ISI pins output enable (active high) from ISI interface 


Interrupts 


gpk>_teujrq[13:0) J 14 


Out 


GPIO pin interrupts 


Debug 


debug_data_out(1 6:3] 


14 


In 


Output debug data to be muxed on to the GPIO pins 


debug_cntri[16:3] 


14 


In 


Control signal for each GPIO bound debug data line indicating 
whether or not the debug data should be selected by the pin 
mux 



13.10.2 Configuration registers 

The configuration registers in the GPIO are programmed via the CPU interface. Refer to section 1 1.4.3 on 
page 70 for a description of the protocol and timing diagrams for reading and writing registers in the 
GPIO. Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register 
reads and writes, the lower 2 bits of the CPU address bus are not required to decode the address space for 
the GPIO. When reading a register that is less than 32 bits wide zeros should be returned on the upper 
unused bit(s) of gpio_pcu_data. Table 44 lists the configuration registers in the GPIO block 

Table 44. GPIO Register Definition 




CPU IO Control 


0x00 


CpulOCtri 


14 


0x0000 


Indicates whether each IO pin is directfy control- 
led by the CPU or not 

0 - Default Control 

1 - CPU Control 


0x04 


CpulOUserModeMask 


14 


0x0000 


User Mode Access Mask to CPU GPIO control 
register. When 1 user access is enabled. One 
bit per gpio pin. Enables access to CpulODirec- 
tion, CpufOOut, CpulOln and CpulOlnDeglitch 
in user mode if CpulOCtri allows CPU access. 


0x08 


CpulOSuperModeMask 


14 


0x3FFF 


Supervisor Mode Access Mask to CPU GPIO 
control register. When 1 supervisor access is 
enabled. One bit per gpio pin. Enables access to 
CpulODirection, CputOOut, CpulOln and Cpuf- 
OlnDeglitch in supervisor mode if CpulOCtri 
allows CPU access. 


OxOC 


CpulODirection 


14 


0x0000 


Indicates the direction of each IO pin, when con- 
trolled by the CPU 

0 - Indicates Input Mode 

1 - Indicates Output Mode 
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Table 44. GPIO Register Definition 







WM 






VIA J \J 


CpulOOut 


30 


0x0000 
_0000 


Value used to drive output pin in CPU direct 
mode. 

brtsl 3:0 - Value to drive on output GPIO pins 
bits 15:14 - Reserved, (Read as zero always) 
bits 29:1 6 - Write enable mask for bitsl 3:0, 0 
enables write, 1 masks the write. (Read as zero 
always) 


0x14 


CpulOln 


14 


Exter- 
nal pin 
value 


Value received on each input pin regardless of 
mode. Read Only register. 


0x18 


CpulOlnDeglitch 


14 


0x0000 


Deglrtch ed version of CpulOln register. Note 
that after reset this register will reflect the exter- 
nal pin values 256 pclk cycles after they have 
stabilized. Read Only register. 


Deglitch contrt 


ol 


0x20-024 


DeGJitchCount[1:0] 


2x8 


OxFF 


De-glitch circuit sample count in DeGlitchCikSrv 
selected units for pins gpio[13:0) \ 


0x28-2C 


OeGlitchClkSrcp.O] 


2x2 


0x3 


Specifies the unit use of the GPIO deglitch cir- 
cuits: 

0 - 1 us pulse 

1 - 100 us pulse 

2- 10 ms pulse 

3- pcffc 


0x30 


DeGlrtchSelect 


14 


0x000 


Specifies which deglitch count (DeGHtchCount) 
and unit select {DeGtitchCtkSrc) should be used 
to deglitch each GPIO pin 

0 - Specifies DeGlitchCountfO] and DeGlitchCtk- 
SrcfO] 

1 - Specifies DeGfitchCount[1 ] and DeGtitchClk- 
Src(1] 


Motor Control 




0x34 


MotorCtriUserModeEnabte 


1 


0x0 


User Mode Access enable to Motor control con- 
figuration registers. When 1 user access Is ena- 
bled. 

Enables user access to MotorMasterCtkPeriod, 
MotorMasterClkSrc, MotorOutySelect, Motor- 
PhaseSetect, MotorMastorCfockEnabfe and 
MotorMasterClkSelect registers 


0x38to0x3C 


MotorMasterClkPerkx^l .-0J 


2x16 


0x0000 


Specifies the motor controller master dock peri- 
ods in MotorMasterClkSrc selected units 


0x40 


MotorMasterClkSrc 


2 


0x0 


Specifies the unit use by the motor controller 
master clock generator: 

0 - 1 us pulse 

1 - 100 its pulse 

2 - 10 ms pulse 
3-pdk 


0x44 to 0x50 


MotorCtrlHigh[3:0] 


4x16 


0x0000 


Specifies the low to high transition point in the 
clock period for each motor control pfn. 


0x54 to 0x60 


MotorCtrlLow[3:0] 


4x16 


OxFFFF 


Specifies the high to low transition point in the 
clock period for each motor control pin. 
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Table 44. GPIO Register Definition 











J? 














0x64 to 0x70 


MotorMasterClkSelect[3:0] 


4x1 


0x0 


Specifies which motor masler clock should be 
used as a pin generator source 

0 - Clock derived from MotorMasterClockPe- 
riod[0] 

1 -Clock derived from MotorMasterClockPe- 
riodfl] 


0x74 


MotorMasterClockEnable 


2 


0x0 


Enable the motor master clock counter. When 1 
count is enabled 

Bit 0 - Enable motor master clock 0 
Bit 1 - Enable motor master dock 1 


LED control 




0x78 


LEDCtriUserModeEnable 


4 


0x0 


User Mode Access enable to LED control con- 
figuration registers. When 1 user access is ena- 
bled. 

One bit per LEDDutySeiect select register. 


0x7C to 0x88 


LEDDutySelectf3:0] 


4x3 


0x0 


Specifies the duty cycle for each LED pin.See 
Figure 42 for encoding details. The LEDDutySe- 
lect[3:0) registers determine the duty cyde of 
the gpio[7:4] pins 


Frequency Analyser 


0x8C 


FreqAnaPinSelect 


4 


0x00 


Selects which GPIO input should be used for the 
frequency analyses. 


0x90 


Freq AnaPinFormSel set 


1 


0x0 


Selects if the frequency analyser should use the 
raw Input or the degtrtched form. 

0 - Degfitched form of input pin 

1 - Raw form of input pin 


0x94 


FreqAnaLastPeriod 


16 


0x0000 


Frequency Analyser last period of selected input 
pin. 


0x98 


Fre q An aAve rage 


16 


0x0000 


Frequency Analyser average period of selected 
input pin. 


0x9C 


FreqAnaCountlnc 


20 


0x0000 
0 


Frequency Analyser counter Increment amount 
For each dock cyde no edge is detected on the 
selected input pin the accumlator Is incremented 
by this amount. 


Miscellaneous 


OxAO 


InterruptSrcSelect 


14 


0x000 


Interrupt source select 1 bit per GPIO pin. 
Determines whether the interrupt source is 
direct form the input pin or the deglrtched ver- 
sion 

1 - Input pin direct 

0 - Deglrtched input pin 


0xA4 


DebugSelect 


6 


0x00 


Debug address select Indicates the address of 
the register to report on the gpio_cpu_data bus 
when it is not otherwise being used. 


0xA8-0xAC 


MotorMaste rCount 


2x16 


0x0000 


Motor master dock counter values. 
Bus 0 - Master dock count 0 
Bus 1 - Master dock count 1 
Read Only registers 
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13. 10.2. 1 Supervisor and user mode access 

The configuration registers block examines the CPU access type {cpujacode signal) and determines if the 
access is allowed to that particular register, based on configured user access registers. If an access is not 
allowed the GPIO will issue a bus error by-asserting the gpio_cpu_berr signal. 

Access to the CpulODirection, CpuIOOut, CpuIOIn and CpuIOInDeglitch is filtered by the CpulOUser- 
ModeMask and CpuIOSuperModeMask registers. Each bit masks access to the corresponding bits in the 
CpuIO* registers for each mode, with CpulOUserModeMask filtering user data mode access and CpuIO- 
SuperModeMask filtering supervisor data mode access. 

The addition of the CpuIOSuperModeMask register helps prevent potential conflicts between user and 
supervisor code read modify write operations. For example a conflict could exist if the user code is inter- 
rupted during a read modify write operation by a supervisor ISR which also modifies the CpuIO* registers. 

An attempt to write to a disabled bit in user or supervisor mode will be ignored, and an attempt to read a 
disabled bit returns zero. If there are no user mode enabled bits then access is not allowed in user mode 
and a bus error will result Similarly for supervisor mode. 

When writing to the CpuIOOut register, bits 29 to 16 are used to mask the write to the CpuIOOut [1 3:0]. If 
the mask bit is zero the write is active to corresponding CpuIOOut pin, otherwise the write to that pin is 
ignored. 

The pseudocode for determining access to the CpulODirection register is shown below. Similar code could 
be shown for the CpuIOOut, CpuIOIn and CpuIOInDeglitch registers, 
if (cpu_acode == SUPERVISOR_DATA_MODE) then 
// supervisor mode 

if (CpuIOSuperModeMask [ 13 :0J «= 0 ) then 

// access is denied* and bus error 

gp i o_cpu__be rr = 1 
els if (cpu_rwn es= 1) then 

// read mode 

gpio_cpu_data(13:0] = ( CpuIOOut ( 13 :0) & CpuIOSuperModeMask [13 : 0] > 
else 

// write mode, filtered by mask! 

mask(13:OJ = - (cpu_dataout (29 : 16) ) & CpuIOSuperModeMask [ 13 :0] 

CpuIOOut 1 13:0] = (( cpu_dataout(13:0] & znask[13:0] ) 1 
( CpuIOOut [13:0) & ~{maskll3:0]3>>) 
elsif (cpu_acode »■ USER_DATA_KODE) then 
// user datamode 

if (CpulOUserModeMask (13:0) == 0 ) then 

// access is denied, and bus error 

gpio_cpu_berr = 1 
elsif (cpu_rwn == 1) then 

// read mode, filtered by mask 

gpio_cpu_data = ( CpuIOOut [ 13 : 0] & CpulOUserModeMask [ 1 3 : 0 ) ) 
else 

// write mode, filtered by mask 

mask (13:0) = - <cpu_dataout [29 : 16) ) & CpulOUserModeMask [13 : 0] 

CpuIOOut [13:0] = (( cpu_dataout(13:0) & mask(13:0) ) | 
( CpuIOOut [13:0] & -(mask[13:0]]))> 

else 

// access is denied, bus error 
gpio_cpu__berr = 1 
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Table 45 details the access modes allowed for registers in the GPIO block. In supervisor mode all registers 
are accessible. In user mode forbidden accesses will result in a bus error {gpio_qjuJberr asserted). 



Table 45. GPIO supervisor and user access modes 













0x00 


CpulOCtri 


Supervisor data mode only 




0x04 


CpulOUserModeMask 


Supervisor data mode only 




0x08 


Cpu lOSuperModeMask 


Supervisor data mode only 




OxOC 


CpulODirection 


CpulOUserModeMask and Cpu lOSuperModeMask filtered 




0x10 


CpulOOul 


CpulOUserModeMask and CputOSuperModeMask filtered 




0x14 


CpulOln 


CpulOUserModeMask and CputOSuperModeMask tittered 




0x18 


CpuIOJnOeglitch 


CpulOUserModeMask and CputOSuperModeMask filtered 




0x20-024 


DeGntchCount(l«] 


Supervisor data mode only 




0X28-2C 


DeGritchCrkSrc(1:0] 


Supervisor data mode only 




0x30 


DeGlttchSelect 


Supervisor data mode only 


1 


0x34 


MotorCtrlUserModeEnable 


Supervisor data mode only 


1 


0x38 to 0x3 C 


MotorMasterClkPer1od[1 :0] 


MotorCtrlUserMode Enable enabled 


1 


0x40 


MotorMasterdkSrc 


MotorCtriUserMode Enable enabled 




0x44 to 0X50 


MotorCtrlHigh[3:03 


MotorCtrlUserModeEnable enabled 




0x54 to 0x60 


MotorCtriLow[3:0] 


MotorCtrlUserModeEnable enabled 


1 


0x64 to 0x70 


MotorMasterClkSelect(3 :0] 


MotorCtrlUserModeEnable enabled 


1 


0x74 


MotorMasterClock Enable 


MotorCtrlUserModeEnable enabled 




0x78 


LEDCttUserModeEnable 


Supervisor data mode only 




0x60 


LEDDutySelect[0] , 


LEDCtriUserModeEnabIe[0] enabled 




0x64 


LEDOutySelect(1J 


LEDCtrtUserModeEnable[1] enabled 




0x74 


LEDDutySe1ect{2] 


LEDariUserModeEnabie[2} enabled 




0x88 


LEODutySelect(3] 


LEDCtr1UserModeEnabte[3] enabled 




0x8C 


ReqAnaPinSelect 


Supervisor data mode only 


1 


0x90 


Req AnaPtn FormSelect 


Supervisor data mode only 




0x94 


FreqAnaLastPeriod 


Supervisor data mode only 




0x98 


FreqAnaAverage 


Supervisor data mode only 




0x9C 


ReqAnaCountlne 


Supervisor data mode only 


1 


OxAO 


Interrupts rcSelect 


Supervisor data mode only 


1 


OxM 


DebugSelect 


Supervisor data mode only 


1 


0xA8-0xAC 


MotorMasterCount 


Supervisor data mode only 
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13.10.3 GPIO partition 
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Figure 43. GPIO partition 



13.10.4 IO control 

The IO control block connects the IO pin drivers to internal signalling based on configured setup registers 
and debug control signals. 

The motor, LED pins, ISI and LSS control logic: 
// motor and led pins 
for <i=0; i<14 ; i++) ( 

if (debug_cntrl[ij =» 1) then 
9Pio_e{i] & 1 

gpio_o [ i J = debug_data_out { i J 
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cpu_io_in(i) = gpio_i[ij 



if <cpu_io_ctrl[i] == 1) then 



SPio_e[i] = cpu_io_dir (ij 
gpio_o[i) = cpu_io_out ( i] 
cpu_io_in[i] = gpio_i[i} 



else 



// default control 

if { i < 4 ) then // motor control pins 



gpio_e(iJ = 1 



gp io_ofi] = motoric trl (i] 



cpu_io_in[i] = gpio_i[i] 

elsif ( i < 8 ) then // LED pins 

gpio_e(iJ = 1 

gpio_o[iJ = led_ctrl[i] 

cpu_io_in(i] = gpio_i[i} 

elsif (i < 10) then // LSS interface clock pins 

gpio_e(i) = 1 

gpio_o[i] - lss_gpio_clk[i-8] 

cpu_io_in{i] = gpio_i[i] 

elsif (i < 12) then // LSS interface data pins 

gpio_e[iJ = lss_spio_e£i-10] 

gpio_o[iJ = lss_gpio_do[i-10] 

lss_spio_di[i-101 = gpio_i{il 
else // 1ST interface' pins 

gpio_e[i] - isi_gpio_e(i-12) 

9pio_o[i] ■ isi_gpio_dout[i-12] 

isi_gpio_din[i-12J = gpio_i[i] 



The pulse generator logic consists of a 7-bit counter that is incremented on a l\is pulse from the timers 
block (tim_pulse[0J). The LED control signal is generated from comparing the count value with the con- 
figured duty cycle for the LED (led_duty_sel)- 

The logic is given by: 

for (i=0 i<4 ;i++) { // for each LED pin 
// period divided into 8 segments 
period_di v8 = cnt (6:4); 

if (periocV_div8 <= led_duty_sel [il ) then 

led_ctrlti] = 1 
else 

led_ctrl[i] « 0 
// in higher half invert the led control 
if <cntJ6J =*» 1) then 

led_ctrl(i) * - led_ctrlti) 

> 

// update the counter every lus pulse 
if <tim_pulse{0) == 1) then 
cnt ++ . 



The motor controller consists of 2 counters, and 4 phase generator logic blocks, one per motor control pin. 
The counters decrement each time a timing pulse (cnt_en) is received. The counters start the configured 
clock period value (motor_ptas_clk_j?eriod) and decrement to zero. If the counters are enabled (via 
motor_rnasjzlkjznable) % the counters will automatically restart at the configured clock period value, oth- 
erwise they will wait until the counters are re-enabled. 



) 



13.10.5 



LED pulse generator 



13.10.6 



Motor control 
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The timing pulse period is one of pel \ tjis, lOOjxs, 1ms depending on the motor \_masjclk_sel signal. The 
counters are used to derive the phase and duty cycle of the of each motor control pin. 
// decrement logic 
if (cnt_en =- 1) then 

if ( (mas_cnt == 0) AND { mo tor_mas_cl)c_ enable ==1)) then 

mas_cnt = motor_roas_cl)c_period[15 : 0] 
elsif <(n»as_cnt « 0) AND (motor _jaas_clk_enable 0)) then 

mas_cnt » 0 
else 

mas.cnt -- 
else // hold the value 
mas_cnt = nvas_cnt 



_mas_dk_src i 

tim_pulse(0]- 
tim_pulse{ij- 
tim_ptjtse[2)- 
1- 



motor_ctri_Wgh 
nK>tor_ctrlJow 
motof_mas_cfl<^se1 



/ 4x16 / r 4x16 



cnt_en 



16 



motor_mas_c(k_periotf(OJ 
motor_mas_dK_enabte(0] 



motor_mas_c0epefto<H1 J — ► 
motor_mas_dk_enable( 1 ] 




motorjctrl 



motor_mas_count 



Figure 44. Motor control RTL diagram 

The phase generator block generates the motor control logic based on the selected clock generator 
{motor _mas_clk_s el) the motor control high transition point {motor_jctrl_high) and the motor control low 
transition point (motorjctrl Jow). There are 4 instances one per motor control pin. 

The logic is given by: 

// select the input counter to use 
if <motor_jnas_clk_eel == 1 ) then 

count = roas_cnt [1] 
else 

count « mas_cntt0] 
// Generate the phase and duty cycle 

if ( (motor_ctrl == 1 > AND (count == motoric trl_l ow ) > then 
motor_ctrl » 0 

elsif ( (motorjctrl =» 0) AND (count == motor_ctrl_high) ) then 

motor_ctrl = 1 
else 

motorjctrl = motor_ctrl // remain the same 
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13.10.7 Input deglftch 



The input deglitch logic rejects input states of duration less than the configured number of time units 
(deglitch^cnt), input states of greater duration are reflected on the output cpuJoJnJLeglitch. The time 
units used (either pclK lus, lOOus, 1ms) by the deglitch circuit is selected by the deglitch_clk_src bus. 

There are 2 possible sets of deglitch jcnt and deglitch_clkjsrc that can be used to deglitch the input pins. 
The values used are selected by the deglitch_sel signal. 

Each input pin can be used to generate an interrupt. The interrupt can be generated from the raw input sig- 
nal or a deglitched version of the input The interrupt source is selected by the interrupt^ rcjselect signal. 
The counter logic is given by 

if ( cpu_io_in != cpu_io_in_delay) then 

cnt a deglitch_cnt 

output_en c o 
elsif (cnt «== 0 ) then 

cnt a cnt 

output_en e 1 
elsif (cnt_en mm 1) then 

cnt 

output_en = 0 



cpujojn - 



tim_ptilse[0]- 

t*m_pulse[2]- 
1- 



cpu_k)_in_delay 



cnt_en 



degGtch_cfk_setfo] » 

<Jegntch_eik w se5l) 

degfltch_cnt[0] 
deg1ltch_cnt(i]' 

deglitch_seJ 




Counter 
Logic 



Compare 



outpuuen 



cptuio_ln_d ©glitch 



cpu_to_in 
intemjpCsrc^seJ ^ 



gplojcujfq 



Figure 45. Input de-glitch RTL diagram 



13.10.8 Frequency Analyser 



The frequency analyzer block monitors a selected input pin (selected by FreqAnaPinSelect and FreqAnaP- 
inFormSel) and detects positive edges. Between successive positive edges detected on the input pin it 
increments a counter by a programmed amount (FreqAnaCountlnc) on each clock cycle. When a positive 
edge is detected the FreqAnaLastPeriod register is updated with the top 16 bits of the counter and the 
counter is reset. The frequency analyser also maintains a running average of the FreqAnaLastPeriod regis- 
ter. Each time a positve edge is detected on the input pin the FreqAnaAverage register is updated with the 
new calculated FreqAnaLastPeriod. The average is calculated as 7/8 the current value plus 1/8 of the new 
value. Both the FreqAnaLastPeriod and FreqAnaAverage registers can be written to by the CPU. 
The pseudocode is given by 

if ({pin mm 1) AMD pin_delay »e0 > ) then // positive edge detected 
freq_an«_lastperiod = count [31: 16] 

freq_ana_average = f re<t_ana_average - freo.ana^average/8 * f req_ana_lastperiod/8 
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count = 0 
else 

count = count ♦ f req_ana_count_inc 
// implement the configuration register write 
if (wr_last_en == 1) then 

freq_ana_lastperiod = wr_data 
elsif (wr_average_en == 1 ) then 

f rep__ana_average = wr.data 



cpu_lo Jrudegfitch[1 3:0} 
Cpu_ioJn[l'3: 



freq_am^pin_form_sei 
freq_ana_pin_se<3:0] 



— ' 



p»n defay ^ 



wr_data(15.-0} — ^ 

wrjast_en 

wr_averago_«n 
freq_a na_counUnc — y 



IS- 



Analyser Logic 



4L 



freq_ana_Iast_pe rtod [ 1 5 .-0] 



16 



freq_ana_sverage[1S:0] 



^ ^ count. 



0 



Figure 46. Frequency analyser RTL diagram 
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14 Interrupt Controller Unit (ICU) 

The interrupt controller accepts up to N input interrupt sources, determines their priority, arbitrates based 
on the highest priority and generates an interrupt request to the CPU. The ICU complies with the interrupt 
acknowledge protocol of the CPU. Once the CPU accepts an interrupt (i.e. processing of its service routine 
begins) the interrupt controller will assert the next arbitrated interrupt if one is pending. 

Each interrupt source has a fixed vector number N, and an associated configuration register, IntReg[N]. 
The format of the IntRegfN] register is shown in Table 46 below. 



Table 46. !ntReg[N] register format 









Priority 


7:0 


Interrupt priority 


Typo 


9:8 


Determines the triggering conditions tor ttie interrupt 
00- Positive edge 

10 - Negative edge 
01 - Positive level 

1 1 - Negative level 


Mask 


10 


Mask bit. 

1 - Interrupts from this source are enabled, 
0 - Interrupts from this source are disabled. 

Note that there may be additional masks in operation at the source of the 
interrupt 


Reserved 


31:11 | 


Reserved. Write as 0. 



Once an interrupt is received the interrupt controller determines the priority and maps the programmed pri- 
ority to the available CPU priority levels, and then issues an interrupt to the CPU. The mapping of pro- 
grammed priority to native interrupt levels will be fixed, and is dependent oh CPU choice. 

For example for the LEON CPU mere are 1 5 levels available which would allow 16 sub-priorities per level 
(as each level is in itself a priority). In this case priorities 255-240 map to level 15, 240-224 to level 14 and 
so on, with priorities 15-0 corresponding to level 0. Level 0 is no interrupt Level 15 is the highest interrupt 
level 



14.1 INTERRUPT PREEMPTION 

There are two types of pre-emption possible: standard LEON pre-emption and SoPEC pending pre-emp- 
tion. With standard LEON pre-emption an interrupt can only be pre-empted by an interrupt with a higher 
priority level. If an interrupt with the same priority level (1 to 15) as the interrupt being serviced becomes 
pending then it is not acknowledged until the current service routine has completed. The SoPEC pending 
pre-emption is an extension of the standard LEON scheme which is made possible by the programmable 
priority levels in the IntRegfN] register. 

Interrupts with a higher sub-priority will pre-empt interrupts with a lower sub-priority but the same prior- 
ity level mapping, if the interrupt has not been acknowledged by the CPU i.e. it is still pending. If an inter- 
rupt with a higher sub-priority arrives while an interrupt with a lower sub-priority at the same level is 
being serviced then it will not be serviced until the lower sub-priority service routine has completed. 

Thus when pre-emption is required, interrupts should be programmed to different levels as interrupt prior- 
ities of the same level have no guaranteed servicing order. 

The interrupt is directly acknowledged by the CPU and the ICU automatically clears the pending bit of 
acknowledged interrupts. 
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All interrupt controller registers are only accessible in supervisor data mode. If the user code wishes to 
mask an interrupt it must request this from the supervisor and the supervisor software will resolve user 
access levels. 



14.2 Interrupt sources 

The mapping of interrupt sources to interrupt vectors (and therefore IntRegfN] registers) is shown in 
Table 47 below. Please refer to the appropriate section of this specification for more details of the interrupt 
sources. 



Table 47. Interrupt sources vector table 



m 






0 


Timers 


Watch Dog Timer Update request 


1 


Timers 


Generic Timer 1 interrupt 


2 


Timers 


Generic Timer 2 interrupt 


3 


Timers 


Generic Timer 3 interrupt 


4-17 


GPIO 


GPIO general interrupt, source pin 0 -13 


18 


MMU 


MMU Security violation 


19 


SCB 


USB interrupt 


20 


SCB 


ISI interrupt 


21 


SCB 


DMA interrupt 


22 


LSS 


LSS interrupt, LSS interface 0 interrupt request 


23 


LSS 


LSS interrupt LSS interface 1 interrupt request 


24 


PCU 


PEP Sub-system Interrupt- CDU finished band 


25 


PCU 


PEP Sub-system Interrupt- CDU error 


26 


PCU 


PEP Sub-system Interrupt- LBD finished band 


27 


PCU 


PEP Sub-system Interrupt- T£ finished band 


28 


PCU 


PEP Sub-system Interrupt- PCU finished band 


29 


PCU 


PEP Sub-system interrupt- PCU Invalid address interrupt 


30 


PCU 


PEP Sub-system Interrupt- PHI Buffer underrun j 


31 


PCU 


PEP Sub-system Interrupt- PHI Page finished 


32 


PCU 


PEP Sub-system Interrupt- PHI Print ready 


33 


PHI 


PEP Sub-system Interrupt- PHI Line Sync Interrupt 
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14.3 Implementation 

14.3.1 Definitions of I/O 

Table 48. Interrupt Controller Unit I/O definition 



Crocks and Resets 



pctk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active low 


CPU interface 


cpu_adrf7:2] 


6 


In 


CPU address bus. Only 6 bits are required to decode the 
address space for the ICU block 


cpu__dataout[31:0] 


32 


In 


Shared write data bus from the CPU 


fcu_cpu_dataJ3 1 :0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common reaaVnot-write signal from the CPU 


cpujcu_sel 


1 


In 


Block select from the CPU. When cpu_fcu_sel is high both 
cpu_adr and cpu^dataout are valid 


»cu_cpu_rdy 


1 


Out 


Ready signal to the CPU. When icu_cpu_rdyls high it indi- 
cates the last cycle of the access. For a write cycle this 
means cpu_dataout has been registered by the ICU block 
and for a read cycle this means the data on icu_cpu_data is 
valid. ~ 


«cu_cpujlevei[3:0) 


4 


Out 


Indicates the priority level of the current active interrupt 


cpu_iack 


1 


Out 


Interrupt request acknowledge from the LEON core. 


cpu_teu_ileve((3:0] 


4 


In 


Interrupt acknowledged level from the LEON core 


teu_jcpu_berr 


1 


Out 


Bus error signal to the CPU indicating an invalid access, 


cpu_acodep:0] 


2 


In 


CPU Access Code signals. These decode as follows: 

00 - User program access 

01 - User data access 

10 - Supervisor program access 
11* Supervisor data access 


icu_cpu_debug_va]id 




Out 


Debug Data valid on icu_cpu data bus. Active high 


Interrupts 


tim_icu_wdjrq 




In 


Watchdog timer interrupt signal from the Timers block 


timjcujrcrf2:0] 




In 


Generic timer interrupt signals from the Timers block 


gpio_icujrq[13:0] 


14 


In 


GPIO pin interrupts 


mmu_icu_inq 




In 


Memory Management Unit interrupt 


usb_icujrq 




In 


USB interrupt from the SCB 


fei_Icu_irq 




In 


ISI interrupt from the SCB 


dmajcujrq 




In 


DMA interrupt from the SCB 


lssjcujrq[1:0] 




In 


LSS interface interrupt request 


cdu_finlshedband 




in 


Finished band Interrupt request from the CDU ] 


cdujcujpeg error 




In 


JPEG error interrupt from the CDU 


(bd_finishedband 




In 


Finished band interrupt request from the LBD 


te_flnishedband 




In 


Finished band interrupt request from the TE 


pcu_finishedband 




In 


Finished band interrupt request from the PCU 


pcu_icu_addre$s_mva(id 




In 


Invalid address Interrupt request from the PCU 
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Table 48. Interrupt Controller Unit I/O definition 











phi„icu_underrun 


1 


In 


Buffer underrun interrupt request from the PHI 


phijcu_page_finish 


1 


In 


Page finished Interrupt request from the PHI 


phi_icu _prtnt_rdy 


1 


In 


Print ready interrupt request from the PHI 


phljcujinesyncjnt 


1 j 


In 


Line sync interrupt request from the PHI 



14.3.2 Configuration registers 

The configuration registers in the ICU are programmed via the CPU interface. Refer to section 1 1.4 on 
page 69 for a description of the protocol and timing diagrams for reading and writing registers in the ICU. 
Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the ICU. 
When reading a register that is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
of icujpcujiata. Table 49 lists the configuration registers in the ICU block. 

The ICU block will only allow supervisor data mode accesses (i.e. cpu_acode[l:0] = 
SUPERVISOR_DATA). All other accesses will result in icu_cpu_berr being asserted 



Table 49. ICU Register Map 



1 






fm 






0x00 - 0x84 


lntRegJ33:0] 


34x11 


0x000 


Interrupt vector configuration register 


1 


0x88-0x8C 


lntCleart1:0] 


2x32 


0x0000 
_0000 


Interrupt pending clear register. If written with a one 
it clears corresponding interrupt 
IntCleaitO] - Interrupts sources 31 to 0 
IntClearp ] - Interrupts source 33 to 32 


1 


0x900x94 


lntPendingJ1:0j j 


2x32 


0x0000 
_0000 


Interrupt pending register. (Read Only) 
lntPending[0] - Interrupts sources 31 to 0 
IntPendingCI] - Interrupts source 33 to 32 


i ! 


0x98 


IntSource 


6 


0x00 


Indicates the interrupt source of the current winning 
active interrupt. (Read Only) 




0x9C 


DebugSelect 


6 


0x00 


Debug address select Indicates the address of the 
register to report on the icu_cpu_date bus when it 
is not otherwise being used. j 
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14.3.3 ICU partition 

tim_lcu_wd^ 
tlm_teu_irq[2: 
gpio_fcuJrq[13: 
mmujcujrq - 
usb Jcujrq • 
JsUcu Jrq • 
dmajcujrq - 
lssjcujrq[l:0| - 
cdu Jmishedband - 
cdujcu Jpegerror - 
IbdJInisnedband - 
te.finishedband - 
pcuji rushed band - 
pcu_icu_eddress_invalid - 
p h i_kxi_page_fini sh - 
phlj cu_p r Int^fdy - 
ph i_tcu_unde rru n - 
pW Jcujfnesyncjnt - 



lnt_ src 

r 



x34 



Interrupt 
detect 



f 
3 



34x12 



[01 achrti ; 



JpLPrfgrtty^y. 



V^34 



Interrupt 
arbiter 



cpujrrt_clear 



Configuration 
registers 







4 


L— 3 






s 




y 




✓ 


32 










I 


















8 


I 




I 


1 




5 


a 








i 




1 




1 













el 



Interrupt 
controller 



CPU 



Figure 47. ICU partition 



14.3.4 Interrupt detect 



The ICU contains multiple instances of the interrupt detect block, one per interrupt source. The interrupt 
detect block examines the interrupt source signal, and determines whether it should generate request pend- 
ing (int^pend) based on the configured interrupt type and the interrupt source conditions. If the interrupt is 
not masked the interrupt will be reflected to the interrupt arbiter via the int_active signal. Once an interrupt 
is pending it remains pending until the interrupt is accepted by the CPU or it is level sensitive and gets 
removed. Masking a pending interrupt has the effect of removing the interrupt from arbitration but the 
interrupt will still remain pending. 

When the CPU accepts the interrupt (using the normal ISR mechanism), the interrupt controller automati- 
cally generates an interrupt clear for that interrupt source {cpujnt_clear\ Alternatively if the interrupt is 
masked, the CPU can determine pending interrupts by polling the IntPending registers. Any active pending 
interrupts can be cleared by the CPU without using an ISR via the IntClear registers. 

The logic is shown below: 
mask n int_config[10] 

type = int_conf ig [ 9 : 8 ] 

int_priority = int_conf ig[7 : OJ 

int_pend = last_int_pend // the last pending interrupt 

// update the pending ff * 
if ((int_cleor == 1 )OR (cpu_int_clear==l) } then 

int_pend = 0 
// test for interrupt condition 

if ((type == NEG_t*EVEL ) AND (int_src == 0) then 
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int_pend = 1 
elsif ((type == POS_LEVEL) AND (int_src == 1) 
int_pend = 1 

elsif ((type =- NEG_EDGE > AND (int_src == X) AND (last_int_src == 0) ) 
int_pend = 1 

elsif ((type = * POS_EDGE ) AND (int_src == 0) AND (last_int_src -= 1)) 

int^pend « 1 
else 

int_pend = last_int_src // stay the same as before 
// mask the pending bit 
if (mask as i) then 

int_active = int_pend 
else 

int_active =3 0 
// assign the registers 
last_int_src = int_src 
last_int_pend = int_pend 

1 4.3.5 Interrupt arbiter 

The interrupt arbiter logic arbitrates a winning interrupt request from multiple pending requests based on 
configured priority. It generates the interrupt to the CPU by setting icu_cpu_ilevel to a non-zero value. The 
priority of the interrupt is reflected by the value assigned to icujcpujlevel. the higher the value the higher 
the priority, 15 being the highest. The current winning interrupt and is reported to the CPU via the IntSrc 
register generated in the interrupt arbiter block. 

// arbitrate based on priority 
if (arb_enable == 1 ) then 

// arbitrate with the current winner 
win_int__priority m 0 
int^src *= 0 

int^request « 0 

for <i*0;i<34;i*+) { 

if ( int_active(i] « 1) then { 

if (int_priority[i] > win_int_priority > then 
win_int_priority = int_priority[il 
int_src = i 

int_reo^iest e 1 

> 

} 

} 

// assign the CPU interrupt level 
int_ilevel e int_priority(int_src] [7:4} 
> 

14.3.6 Interrupt controller 

The interrupt controller is responsible for generating the interrupt to the CPU, accepting the interrupt 
acknowledge from the CPU and clearing the interrupt source pending bit 
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The exact procedure is CPU dependent, but examples are given for the LEON processor. See section 1 1 .9 
on page 98 for a complete description of the interrupt handling procedure. 



resets 
Reset 



int requests 



c 



aib_enable = 1 



fnt requests 



IntPend 



)lcu_cpuj 
art>_enab 



(level =im_Uevel 
enable = 1 



Machine remains in same state by default 
Afl outputs are zero unless otherwise stated 

State Description: 

Reset : Normal reset state 

IntPend: Interrupt pending, waiting for CPU acknowledge 

IntClean Interrupt dear, dear the pending bit for the 
current interrupt vector 



CPU fecfr*1 AND 

cou fcu Hevgt=fctj cpu flflyjgJ 



IntClear ) «P^*-W.«reM 
arb_enaWe = O 



Figure 48. Interrupt controller state diagram 

After reset the interrupt controller remains in the Reset state until the interrupt arbiter indicates that there is 
an active interrupt pending (int^request equal 1). The state machine goes to the IntPend state and signals to 
the CPU that an interrupt is pending. The machine will remain in the IntPend state until the interrupt is 
acknowledged by the CPU or the pending interrupt condition is removed. 

When the interrupt is acknowledged the state machine goes to the IntClear state to clear the pending bit of 
the interrupt source. 

On completion the state machine returns to the Reset state and again waits for the next pending interrupt 
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15 Timers Block (TIM) 

The Timers block contains general purpose timers, a watchdog timer and timing pulse generator for use in 
other sections of SoPEC. 



15.1 Watchdog timer 

The watchdog timer is a 32 bit counter value which counts down each time a timing pulse is received. The 
period of the timing pulse is selected by the WatchDogUnitSel register. The value at any time can be read 
from the WatchDogTimer register and the counter can be reset by writing a non-zero value to the register. 
Should the counter reach I, a system wide reset will be triggered as if the reset came from a hardware pin. 

The watchdog timer can be polled by the CPU and reset each time it gets close to 1 , or alternatively a 
threshold (WatchDoglntThres) can be set to trigger an interrupt for the watchdog timer to be serviced by 
the CPU. This interrupt can be effectively masked by setting the threshold to zero. The watchdog timer can 
be disabled, without causing a reset, by writing zero to the WatchDogTimer register. 



1 5.2 Timing pulse generator 



The timing block contains a timing pulse generator clocked by the system clock, used to generate timing 
pulses of i(xs t lOOus and 10ms. Each pulse is of one system clock duration and is active high, with the 
pulse period accurate to the system clock frequency. 

| The timing pulse generator also contains a 64-bit free running counters that can be read or reset by access- 

ing the FreeRunCount register. 



15.3 Generic timers 

SoPEC contains 3 programmable generic timing counters, for use by the CPU to time the system. The tim- 
ers are programmed to a particular value and count down each time a timing pulse is received. If a particu- 
| Iar timer decrements to 0, then an interrupt is generated. The counter can be programmed to automatically 

restart the count, or wait until re-programmed by the CPU. At any time the status of the counter can be 
read from GenCnt Value, or can be reset by writing to GenCntValue register. The auto-restart is activated 
by setting the GenCntAuto register, when activated the counter restarts at GenCntStart Value. A counter 
can be stopped or started at any time, without affecting the contents of the GenCntValue register, by writ- 
ing a 1 or 0 to the relevent GenCntEnable register. 
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15.4 Implementation 

15.4.1 Definitions of I/O 



Table 50. Timers block I/O definition 





ESSIE 


mm 




Clocks and Resets 


pdk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active low 


tim_pulse(2:0] 


3 


Out 


Timers block generated timing pulses, each one pdk wide 

0- 1jls pulse 

1- 100 lis pulse J 

2- 10ms pulse 


CPU interface 


cpu_adrf6:2) 


5 


In 


CPU address bus. Only 5 bits are required to decode the 
address space for the ICU block 


cpu_dataout[3l :0] 


32 


In 


Shared write data bus from the CPU 


tim_cpu_datal31 :0] 


32 


Out 


Read data bus to the CPU 


cpu_iwn 


1 


In 


Common read/not-write signal from the CPU 


Cpu_tim_sei 


1 


In 


Block select from the CPU. When cpu_tim_sel is high both 
cpu_adrand cpu_dataout are valid 


tim_cpu_rdy 


1 


Out 


Ready signal to the CPU. When tim_cpu_rdy is high it indi- 
cates the last cycle of the access. For a write cycle this 
means cpujdataout has been registered by the TIM block 
and for a read cycle this means the data on tim_cpu_data is 
valid. 


tlm_cpu_berr 


1 


Out 


Bus error signal to the CPU indicating an invalid access. 


cpu_acodel1:0] 


2 


In 


CPU Access Code signals. These decode as follows: 

00 * User program access 

01 - User data access 

10 - Supervisor program access 
11- Supervisor data access 


tim_cpu_debug_va1td 


1 


Out 


Debug Data valid on tim_cpuj3ata bus. Active high 


Miscellaneous 


tim_icu_wdjrq 


1 


Out 


Watchdog timer interrupt signal to the ICU block 


tirnjcujrq[2:0j 


3 


Out 


Generic timer interrupt signals to the ICU block 


| tim_cpr_reset_n 


1 


Out 


Watch dog timer system reset. \ 
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1 5.4.2 Timers sub-block partition 



CPU 





cpu tim„sel 


— 




cpu,dataout 


► 




tim_cpu_rdy 






tim_cpu_data 


— 2- 


«- 


cpu_rwn 


» 




cpu acode 






tim_cpu_berr 




4- 
4- 


tim cpu debuQ valid 





— — 


iree_run_cnt 


-2- 


lree_run_data 




free_run_wen 




free run adr 


► 



5 

s 



Timing pulse 
generator 



wring tim,thrfts 



■ wdoq unit sej 



wdog_wen 



. wtfoq tim 'data 



wdoq tfm_cnt 



'3$ 



■> tirru>u!se{2:0} 



Watchdog 
timer 



timjeu_wd_trq 



tJm_cp/_resei_n 





pen tim amo — 




— r 




flflomna set 


=* 


-* 








-+ 




nan ttfn data 




— » 


4 


oen_tim_cnt 




— ► 




oen_tim_cm_sl_valU6 





Generic 
timers 



- tirn_Jcu_irqI2^j 



Figure 49. Timers sub-block partition diagram 



1 5.4.3 Watchdog timer 



The watchdog timer counts down from pre-programmed value, and generates a system wide reset when 
equal to one. When the counter passes a pre-programmed threshold (wdog_timjthres) value an interrupt is 
generated {tim_icu_wd_irq) requesting the CPU to update the counter. Setting the counter to zero disables 
the watchdog reset. In supervisor mode the watchdog counter can be written to or read from at any time, in 
user mode access is denied Any accesses in user mode will generate a bus error. 

2 

wdog_unJUs«l— 7^ — -t_ 
tim_putsa[0] > 
tim_putse(1J 
tfm_pulse|2] 
i 



wdog,wen 
wdog_tim_data 




timjcu_wd_irq 
+ tim_cpr_reset_n 
>> wdog_tim_cnt 



Figure 50. Watchdog timer RTL diagram 



The counter logic is given by 
if <wdog_wen == 1) then 

wdog_t indent - wdoo/_t in\_data 
els if ( wdog_tin\_cnt == 0) then 

wdog_t indent « wdog_t inv_.cn t 
elsif ( cnt_en == 1 ) then 



// load new data 
// count disabled 
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Sh 



wdog_t im_cnt - - 
else 

wdog__tin\_cnt = wdog_tin\_cnt 

The timer decode logic is 

if (( wdog^tinucnc == wdog_tin\_thres) AND <wdog_t indent 1=0 ) ) then 

tin\_icu_wd_irq o 1 
else 

tinuicu_wdLirq ■ 0 
// reset generator logic 
if (wdog_tim_cnt == 1) then 

tinu.cpr__reset_n = 0 
else 

tin\_cpr_reset_n = 1 



1 5.4.4 Generic timers 



The generic timers block consists of 3 identical counters. A timer is set to a pre-configured value (GenCnt- 
StartValue) and counts down once per selected timing pulse (gen_unit_sel). The timer can be enabled or 
disabled at any time (gen_tim_en), when disabled the counter is stopped but not cleared. The timer can be 
set to automatically restart (genjtim_auto) after it hits 2ero. In supervisor mode a timer can be written to or 
read from at any time, in user mode access is determined by the GenCntUserModeEnable register settings. 
gen_unit_sel- 



tfm_puise{0] 
tinuxjtse{l| 
tJm_pulse[2] 
1 

gen_tJn\_cnt_sUva!ue 
gen_wen 




crt_en 



gen_tim_data ^? » 

gen_tim_en 
geci_tin\_auto 



Counter 
Logic 



32 



Timer 
Decode 



► tim_icu_irq 
— ► g«n_tfan_crrt 



Figure 51. Generic timer RTL diagram 

The counter logic is given by 
if (gen_wen a« 1) then 

'gen_tim_cnt = gen_tlm_data 
elsif <{ cnt_en en 1 ) AND (gen_tim_en == 1 > ) then 

if ( gen_tinu.cnt == 0) then // counter may need re-storting 
if (gen_tin\_auto =« 1) then 

gen_tim_cnt = gen_tinv__cnt_st_value 
else 

gen_t indent = gen_tim_cnt 

else 

gen_tim_cnt-- 

else 

gen_tim_cnt = gen_tim_cnt 

The decode logic is 

if (gen_tim_cnt == 1) then 

tinv_icu_irq = 1 
else 

tir\_icu_irq = 0 
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15.4.5 Timing pulse generator 



The timing pulse generator contains a general free running 64-bit timer and 3 timing pulse generators pro- 
ducing timing pulses of one cycle duration with a period of ljis, lOOus and 1ms. In supervisor mode the 
free ninning timer register can be written to or read from at any time, in user mode access is denied. The 
status of each of the lus, 100|xs and 1ms timer can be read by accessing the TtmerPulseStatus registers. 
Any accesses in user mode will result in a bus error. The status of each of the lus, 100 us and 1ms timer 
can be read by accessing the TtmerPulseStatus register in supervisor mode. 



Free Run Timer 



tree_fun_wen 

free_run_data — ^ ► 
free_rtm_adf - * 




free_run_cnt 



1 us Timer 



Decrement 
Logic 1us 



pul$e_tus 



Decrement 
Logic 100us 



100us Tfmjsr 



> 



pufse.lOOus • 



1 0ms Tim< i r 



Decrement 
Logic 10ms 



Compare 



Compare 



putse.lOOus 

► tlm_pofse[l] 



Compare 



> tim_piitse[2J 



puise_timer_status 



tim_pu&e{2;0}- 

Figure 5Z Pulse generator RTL diagram 



15.4.5.1 Free Run Timer 

The increment logic block increments the timer count on each clock cycle. The counter wraps around to 
zero and continues incrementing if overflow occurs. When the timing register (FreeRunCount) is written 
to, the configuration registers block will set the free_run_wen high for a clock cycle and the value on 
free_runjdata will become the new count value, for the 32 bits selected by the free_run_adr signal. If 
free_run_adr is 1 the higher 32 bits of the counter will be written to, otherwise the lower 32 bits are writ- 
ten to. It is the responsibility of software to handle these writes in a sensible manner. 

The increment logic is given by 

if ( f ree_run__wen == 1) then 
if ( f ree_irun_ttdr = = 1) then 

free_run_cnt(63 :32] = f ree_run_data 
else 

f ree_run_cnt [31:0] = f ree_run_data 

else 
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f ree_run_cnt ++ 

15.4.5.2 Pulse Timers 

The pulse timer logic generates timing pulses of 1 clock cycle length and period of lus, lOOus and 1ms. 
The logic for the I us timer is given by: 

// lus generator 

if (pulse_lus_cnt == 0 ) then 

pulse_lus_cnt = 159 

pulse_lus = 1 

else 

pulse_lus_cnt — 
pulse_lus . u 0 




The logic for lOOus timer is given by: 

// lOOus generator 

if ( (pulse_100us_cnt == 0 ) AND (pulse_lus « 1)) then 

pulse_100us_cnt = 99 

pulee_lOOus - 1 

elsif (pulse_lus == 1) then 

pulse_100us_cnt — 

pulge_100us = 0 

else 

pulse_100us_cnt — 
pulse_100us = 0 

The logic for the 1 Oms timer is given by: 
// 10ms generator 

if ( <pulse_10ms_cnt == 0 > AND <pulse_100us 1)) then 

pulse_10as_cnt = 99 

pulse_10ms » 1 

elsif <pulse_100us 1) then 

pulse_10ms_cnt 

pulse_10ms » 0 

else 

pu lse_l Oms_.cn t — 
pulse_10ms = 0 



15.4.6 Configuration registers 

The configuration registers in the TIM are programmed via the CPU interface. Refer to section 1 1.4.3 on 
page 70. for a description of the protocol and timing diagrams for reading and writing registers in the TIM. 
Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the TIM. 
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When reading a register that is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
of tim^pcujiata. Table 51 lists the configuration registers in the TIM block . 



Table 51. Timers Register Map 











0x00 


WatchDogUnitSel 


3 


0x0 


Specifies the units used for the watchdog 
timer: 

0 - 1 us pulse 

1 - 100 us pufse | 

2 -10 ms pulse ! 
3-pcik 


0x04 


Watch DogTlmer 


32 


OxFFFF 

_FFFF 


Specifies the number of units to count before 
watchdog timer triggers. 


0x08 


Watch DogtntTh res 


32 


0x0000 
_0000 


Specifies the threshold value below which the 
watchdog timer issues an interrupt 


OxOC-OxlO 


FreeRunCount(1 .-0} 


2x32 


0x0000 
_0000 


Direct access to the free running counter reg- 
ister. 

Bus 0 - Access to bits 31 -0 
Bus 1 - Access to bits 63-32 


0x14 to 0x1 C 


QenCntStartValue[2:0] 


3x32 


0x0000 
_0000 


Generic timer counter start value, number of 
units to count before event 


0x20 to 0x28 


GenCntVafue[2:0] 


3x32 


0x0000 
_0000 


Direct access to generic timer counter regis- 
ters 


UXkiO TO OX«54 


uenCntunitSei[2:0] 


3x2 


0x0 


Generic counter unit select. Selects the timing 
units used with corresponding counter 

0 - 1 us pulse 

1 - 100 us pulse 

2 - 10 ms pulse 
3-pctfc 


0x38 to 0x40 


GenCntAuto[2:01 


3x1 


0x0 


Generic counter auto re-start select When 
high timer automatically restarts, otherwise 
timer stops. 


0x44 to 0x4C 


GenCntEnaWe[2.-01 


3x1 


0x0 


Generic counter enable. 

0 - Counter disabled 

1 - Counter enabled 


0x50 


GenCntUserMode Enable 


3 


0x0 


User Mode Access enable to generic timer 
configuration register. When 1 user access is 
enabled. 

Bit 0 - Generic timer 0 
Bit 1 - Generic timer 1 
Bit 2 - Generic timer 2 


0x54 


DebugSelect 


6 


0x00 


Debug address select. Indicates the address 
of the register to report on the tim_cpu_data 
bus when it is not otherwise being used. 


Read Only Registers 


0x58 


PulseTimerStatus 


24 


0x00 


Current pulse timer values, and pulses 

6:0 - 1 us timer count 

7 - 1 us pulse 

14:6 - lOOus timer count 

15 - 100us pulse 

22:16- 10ms timer count 

23 -10 ms pufse 
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15.4.6. 1 Supervisor and user mode access 

The configuration registers block examines the CPU access type (cpujucode signal) and determines if the 
access is allowed to that particular register, based on configured user access registers. If an access is not 
allowed the block will issue a bus error by asserting the tim_cpu_berr signal. 

The timers block is fully accessible in supervisor data mode, all registers can written to and read from. In 
user mode access is denied to all registers in the block except for the generic timer configuration registers 
that are granted user data access. User data access for a generic timer is granted by setting corresponding 
bit in the GenCntUserMode Enable register. This can only be changed in supervisor data mode. If a partic- 
ular timer is granted user data access then all registers for configuring that timer will be accessible. For 
example if timer 0 is granted user data access the GenCntStartValuefO) \ GenCntUnitSelfO], GenCn- 
tAutofO], GenCntEnable[0] and GenCnt Value fOJ registers can all be written to and read from without any 
restriction. 

Attempts to access a user data mode disabled timer configuration register will result in a bus error. 

Table 52 details the access modes allowed for registers in the TIM block. In supervisor data mode all reg- 
isters are accessable. All forbidden accesses will result in a bus error (tim_cpujberr asserted). 



Table 52. TIM supervisor and user access modes 









0x00 


WatchDogUnltSel 


Supervisor data mode only 


0x04 


Watch DogTimer 


Supervisor data mode only 


0x08 


Watch Dog I nfThres 


Supervisor data mode cnfy 


0x000x10 


FreeRunCotint 


Supervisor data mode orriy 


0x14 


GenCntStartVafue{0] 


GenCntUserMode EnaWe{0] 


0x18 


GenCntStartValue[1 ] 


GenCntUserMode Enable[1] 


0x1 C 


GenCntStartVaJue[2] 


GenCntUserModeEnable[2] 


0x20 


GenCntVafue(01 


GenCntUserModeEnable(0] 


0x24 


GenCntValue[1l 


GenCntUserMode Enabtep ] j 


0x28 


GenCntVa!ue[2] 


GenCntUserModeEnable{2] 


0x2C 


GenCntUnitSel[0] 


GenCntUserMode EnaWe[0J 


0x30 


GenCntUnrtSeipj 


GenCntUserModeEnatte[1 J 


0x34 


GenCntUnitSe([2] 


GenCntUserMode Enable[2] 


0x38 


GenCntAutofO] 


GenCntUserMode EnabtefO] 


0x3C 


GenCntAuto[1] 


GenCntUserModeEnablep ] 


0x40 


GeoCntAuto[2] 


GenCntUserModeEnabJe[2) 


0x44 


GenCntEnab!e[0J 


GenCntUserModeEnablefO) 


0x48 


GenCntEnable(1j 


GenCntUserModeEnable[1 J j 


0x4C 


GenCntEnabte[2] 


GenCntUserModeEnaWe[2] 


0x50 


GenCntUserMode Enable 


Supervisor data mode only 


0x54 


Debug Select 


Supervisor data mode only 


0x58 


PulseTimerStatus 


Supervisor data mode on ly 
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16 Clocking, Power and Reset (CPR) 

The CPR block provides all of the clock, power enable and reset signals to the SoPEC device. 

16.1 POWERDOWN MODES 

The CPR block is capable of powering down certain sections of the SoPEC device. When a section is pow- 
ered down (i.e. put in sleep mode) no state is retained, the CPU must re-initialize the section before it can 
be used again. The exact powerdown mechanism is undefined and is technology dependent. 

For the purpose of powerdown the SoPEC device is divided into sections: 



Table 53. Powerdown sectioning 







Print Engine Pipeline Subsystem 


CDU 


CRJ 




LBD 




SRJ 




TE 




TFU 




HCU 




DNC 




DWU 




LLU 




PHI 


CPU-DRAM (Section 1) 


ORAM 




CPU/MMU 




DIU 




TIM 




ROM 




LSS Interface | 


Comma Subsystem (Section 2) 


USB 




IS] 




OMA Ctrl | 




GPIO 




PSS 




ICU 



16.1.1 Sleep mode 

Each section can be put into sleep mode by setting the corresponding bit in the SleepModeEnable register. 
To re-enable the section the sleep mode bit needs to be cleared and then the section should be reset by 
writing to the relevant bit in the ResetSection register. Each block within the section should then be re-con- 
figured by the CPU. 

| If the CPU system is put into sleep mode, the SoPEC device will remain in sleep mode until a system level 

reset is initiated from the reset pin, or a wakeup reset by the SCB block as a result of activity on either the 
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USB or ISI bus. If all sections are put into sleep mode, then only a system level reset initiated by the reset 
pin will re-activate the SoPEC device- 
Like all software resets in SoPEC the ResetSection register is active-low i.e. a 0 should be written to each 
bit position requiring a reset. The ResetSection register is self-reseting. 

16.2 Reset source 

The SoPEC device can be reset by a number of sources. When a reset from an internal source is intiated 
the reset source register (ResetSrc) stores the reset source value. This register can then be used by the CPU 
to determine the type of boot sequence required. 

1 6.3 Clock relationship 

The crystal oscillator excites a 32MHz crystal through the xtalin and xtalout pins. The 32MHz output is 
used by the PLL to derive the master VCO frequency of 960MHz. The master clock is then divided to pro- 
duce 320MHz clock (clk320), 160MHz clock (clkl60) 9 106MHz clock {elk! OS) and 48MHz (clk48) clock 
sources. 

The phase relationship of each clock from the PLL will be defined. The relationship of internal clocks 
clk320 t clkl06. clk48 and clkl 60 to xtalin will be undefined. The clock tree generation should create inser- 
tion delays so as to compensate for the phase difference of the clocks leaving the PLL. At the output of the 
clock block, the skew between eachpclk domain {pclk^jsection[3:0J and jelk) should be within skew toler- 
ances of their respective domains (defined as less than the hold time of a D-type flip flop). 

The skew between doclk and phiclk should also be less than the skew tolerances of their respective 
domains. 

The usbclk is derived from the PLL output and has no relationship with the other clocks in the system and 
is considered asynchronous. 
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J3 



There is no skew requirement between the pclk domains and the doclk and phiclk domains, they are con- 
sidered essentially asynchronous to each other. 



1.04ns 

■H K 



PLL Master Clock 



fifuuiiuuuuinnjiJiiiM 



dk320 



doclk 



clk160 



pcfk 
jdk 



ctkioe 



phidk 



c*320 PLL phasa shift 



,^ H docfk insertion delay 



J 



< ►] dkl60 PLL phase shift 

_i i — L 



1 r 



\ pdKOdk insertion delay 



1 



V dkl 06 PLL phase shift 
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i 



{4 H phiclk insertion delay 

Figure S3. SoPEC clock relationship 



1 6.4 Implementation 
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16.4.1 Definitions of I/O 

Table 54. CPR I/O definition 





vm 


1 p—y Try** — »- 

SBBt 




Clocks and Resets 


xtafin 


1 


In 


Crystal input, direct from IO pin. 


xtalout 


1 


Out 


Crystal output, direct to IO pin. 


pdk„sect'on[2:0] 




Out 


System docks for each section 


phtdk 




Out 


Printhead interface clock (doclk/3) for the PHI block 


doclk 




Out 


Data out clock (2x pdk) for the PHI Week 


jclk 




Out 


Gated version of system dock used to clock the JPEG decoder 
core in the COU 


usbdk 




Out 


USB dock at 3 times the crystal input frequency, nominally at 46 
Mhz 


jdk_enable 




In 


Gating signaJ forjdk. 


reset_n 




In 


Reset signal from the reset^n pin 


usb_cpr_jBseUn 




In 


Reset signal from the USB block 


tsi_cpr_reset_n 




In 


Reset signal from the ISI block 


tim_cpr_reset_n 




In 


Reset signal from watch dog timer. 


prst_n_section[2:0] 




Out 


System resets for each section, synchronous active low 


phirst_n 




Out 


Reset for PHI block, synchronous to phictk 


dorst_n 




Out 


Reset for PHI block, synchronous to doclk 


|rst_n • 




Out 


Reset for JPEG decoder core in CDU block, synchronous to jctk 


usbrst_n 




Out 


Reset for the USB block, synchronous to usbdk 


Test Input 


test_dk 




In 


Test clock direct from external pin, for use in production test (scan 
test) 


test_enabJe 




In 


Test enable. Direct from external pin. When high production test 
mode is enabled. 


CPU Interface 


cpu_adr{3:2] 


2 


In 


CPU address bus. Only 2 bits are required to decode the address 
space for the CPR block 


cpu_dataout[31:0] 


32 


In 


Shared write data bus from the CPU 


cpr_cpu_data(31 .O] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_cpr_sel 


1 


In 


Block select from the CPU. When cpu_cpr_sel is high both 
qpu_adf and cpu^dataout are valid 


cpr__cpu_rdy 


1 


Out 


Ready signal to the CPU. When cpr_cpu__rdy is high it indicates 
the last cyde of the access. For a write cyde this means 
cpu^dataout has been registered by the block and for a read cyde 
this means the data on cpr_cpu_data is valid. 


cpr_cpu_berr 


1 


Out 


Bus error signal to the CPU indicating an invalid access. 


cpu_acode[1 :0J 


2 


In 


CPU Access Code signals. These decode as follows: 

00 - User program access 

01 • User data access 

10 - Supervisor program access 

1 1 - Supervisor data access 


cpr_cpu„debug_valid 


1 


Out j 


Debug Data valid on cpr_cpu_data bus. Active high 
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Table 54. CPR I/O definition 



t 


PS 


Illllli 


BSBIBBg 




Miscellaneous 


pwr_steep_mode[2:0] j 3 | Out 


Sleep mode section select 



16.4.2 Configuration registers 

The configuration registers in the CPR are programmed via the CPU interface. Refer to section 1 1.4 on 
page 69 for a description of the protocol and timing diagrams for reading and writing registers in the CPR. 
Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the CPR. 
When reading a register that is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
of cpr_pcu_data. Table 55 lists the configuration registers in the CPR block. 

The CPR block will only allow supervisor data mode accesses (i.e. cpu_acode[l:0] = 
SUPERVISORJDATA ). All other accesses will result in cpr_cpu_berr being asserted . 



Table 55. CPR Register Map 







0x00 


Sleep Mode Enable 


3 


0x0 


Sleep Mode enable, when high a section of logic 
has is powerdown. Each bit controls a section 


0x04 . 


ResetSrc 


4 


0x0 a 


Reset Source register. Indicating the source of 

the last reset 

Bit 0 - External Reset 

Bit 1 - USB wakeup reset 

Bit 2 - ISI wakeup reset 

Bit 3 - Watchdog timer reset 


0x08 


ResetSection 


3 


0x7 


Active-low synchronous reset for each section, 
self-resetting. 


OxOC 


Oe bug Select 


6 


0x00 


Debug address select. Indicates the address of 
the register to report on the cpr_cpu_data bus 
when it is not otherwise being used. 


PLL Control (Asynchronous reset registers) 


0x10 


PLLTuneBits 


10 


0x23E 


PLL tuning bits 


0x14 


PLLRangeA 


4 


OxF 


PLLOUT A frequency selector (defaults to j 
600Mhzto1250Mhz) 


0x18 


PLLRangeB 


3 


0x7 


PLLOUT B frequency selector (defaufts to 
600Mhzto1250Mhz) 


0x1 C 


PLLMultiplier 


5 


0x25 


PLL multiplier selector, defaults to refctk x 20 



a. Reset value depends on reset source. External reset shown. 
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16.4.3 CPR Sub-block partition 



tes^enaWe 
test_clk 



— ► pdk.secttonfO] 



pwr_slee p_mod 




reset_n 
usb_cpr_re5«t w n 
feJ_cpr_resat_n 
tim_cpr_reset_n 



Clock driver 



Figure 54. CPR block partition 
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16.4.4 Sync reset 

The reset synchronizer retimes an asynchronous reset signal to the clock domain that it resets. The circuit 
prevents the inactive edge of reset occurring when the clock is rising 



reset_dom 



prst_n 



synchronizer 



reset_dom 




prs1_n 



Figure 55. Reset synchronizer logic 



1 6.4.5 Reset generator logic 

The reset generator logic is used to determine which clock domains should be reset, based on configured 
reset values {reset^ection_n\ the external reset (reset^n), watchdog timer reset {tim_cpr_reset_n) and 
resets from the SCB block (isi_cpr_reset_n, usb_cpr_reset_n). The reset direct from the IO pin (reset_n) is 
synchronized and de-glitched before feeding the reset logic. 

Resets from the SCB block reset everything except its own section (section 2), this allows data to be stored 
in the PSS block for use after a SCB powerup initiated reset 



Table 56. Reset domains 







reset_dom(0) 


docik domain 


reset_dom[1 ] 


phidk domain 


reset_dom{2] 


usbctk domain 


reset_dom[3] 


Section 0 pdk domain 


reset_dom[4) 


Section 1 pdk domain 


reset_<Jom[5] 


Section 2 pdk domain 


reset_dom(6] 


jdk domain 



The logic is given by 

if <reset_n == 0) then 

reset,dom( 6 : 0] = 0x00 // reset everything 

reset_src[3 :0J = 0x01 
els if (usb_cpr__reset_n »s 0) then 

reset_dora{6:0] = 0x20 // all except comms domain 

reset_src[3 :0] « 0x02 
els if (isi_cpr_reset_n 0) then 

reset_dom[6;0] = 0x20 // all except comms domain 

reset_src[3 :0] * 0x04 
els if (tin\_cpr_reset_n == 0) then 

reset_dom[6:0] = 0x00 // reset everything 

resec_src[3 :0] - 0x08 
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else 

// propagate resets from reset section register 

reset_domt5 :03 = 0x3 F 

if (reset_section_nt0) ~ 0) then 

reset__dora{3] =s 0 
if <reset_section_n[l] == 0) then 

reset_domt4) = 0 
if (reset_section_n[2] == 0) then 

reset_dom[5] « 0 



1 6.4.6 Gate enable logic 

The gate enable logic is a combinational logic block used to generate gating signals for each of SoPECs 
clock domains. The gate enable {gate_domain) is generated based on the configured sleep _mode__en and 
the internally generated jclk_enable signal. 

The logic is given by 

// clock gating for sleep modes 
gate_dom[5:3) = 0x7 // default to on 
for (i=0 ;i < 3 ; i++) { 

if (sleep_mode_en[i] == 1) then 
gate_dom£ i+3 ) - 0 
pwr_sleep_inode[i) == 1 

) 

// jelk and remaining 
gate_dom [ 2 : 0 ) « 0x7 
gate_dom[6] = -<jclk_enable) 



16.4.7 Clock gate logic 



The clock gate logic is used to safely gate clocks without generating any glitches on the gated clock. When 
the enable is high the clock is active otherwise the clock is gated. 



src_dk i 
gate_dom 
gate_dom_retimed~ 



gate. 



!_ckx* J" 



J L 



gate_dom- 



src_clk- 



gate_dom_retimed 



► gate_ctock 



Figure 56. Clock gate logic diagram 
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16.4.8 Clock generator Logic 

The clock generator block contains the PLL, crystal oscillator, clock dividers and associated control and 
. test logic. The PLL VCO frequency is at 960Mhz locked to a 32 Mhz refclk generated by the crystal oscil- 
lator. In test mode the xtalin signal can be driven directly by the test clock generator, the test clock will be 
reflected on the refclk signal to the PLL. 

test_enable . i 



xtalin — 
xtaJout <«- 



Crystal 
OscilJator 



refclk 



pIL^ange^a 
pU_range_b 
pN_muttptier 
pll^tune 



prst_n 




► cJk320 

► cik160 

► clk106 



• dk4B 



Figure 57. PLL and Clock divider logic 



16.4.8.1 Clock divider A 

The clock divider A block generate the 320Mhz, 160Mhz and 106Mhz clocks from the input 320Mhz 
clock [pll_outb) generated by the PLL. The divider flips flops are asynchronously reset by the prst_n sig- 
nal. The divders are enabled only when the PLL has acquired lock as indicated by the plljock signal. 

16.4.8.2 Clock divider B 

The clock divider B block generate the 48Mhz clock from the input 96Mhz clock (plLouta) generated by 
the PLL. The divider flips flops are asynchrously reset by the prst_n signal. The divders are enabled- only 
when the PLL has acquired lock as indicated by the plljock signal. 
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17 ROM Block 



17.1 Overview 

The ROM block interfaces to the CPU bus and contains the SoPEC boot code. The ROM block consists of 
the CPU bus interface, the ROM macro and the ChipID macro. The current ROM size is 16 KBytes imple- 
mented as a 4096 x32 macro. Access to the ROM is not cached because the CPU enjoys fast (no more than 
one cycle slower than a cache access), unarbitrated access to the ROM. 

Each SoPEC device is required to have a unique ChipID which is set by blowing fuses at manufacture. 
IBM's 300mm ECID macro is to be used to implement the ChipID and this offers 1 12-bits of laser fuses. 
The exact number of fuse bits to be used for the ChipID will be determined later but all bits are made 
available to the CPU. The ECID macro allows all 1 12 bits to be read out in parallel and the ROM block 
will make all 1 12 bits available in the FuseChipID[N] registers which are readable by the CPU in supervi- 
sor mode only. 



17.2 Boot operation 

The are two boot scenarios for the SoPEC device namely after power-on and after being awoken from 
sleep mode. When the device is in sleep mode it is hoped that power will actually be removed from the 
DRAM, CPU and most other peripherals and so the program code will need to be freshly downloaded each 
time the device wakes up from sleep mode. In order to reduce the wakeup boot time (and hence the per- 
ceived print latency) certain data items are stored in the PS S block (see section 18). These data items 
include the SHA-1 hash digest expected for the program($) to be downloaded, the master/slave SoPEC id 
and some configuration parameters (currently TBD). All of these data items are stored in the PSS by the 
CPU prior to entering sleep mode. The SHA-1 value stored in the PSS is calculated by the CPU by 
decrypting the signature of the downloaded program using the appropriate public key stored in ROM. This 
compute intensive decryption only needs to take place once as part of the power-on boot sequence - subse- 
quent wakeup boot sequences will simply use the resulting SHA-1 digest stored in the PSS. Note that the 
digest only needs to be stored in the PSS before entering sleep mode and the PSS can be used for tempo- 
rary storage of any data at all other times. 

The CPU is expected to be in supervisor mode for the entire boot sequence described by the pseudocode 
below. Note that the boot sequence has not been finalised but is expected to be close to the following: 

if (Resetsrc == l) then // Reset was a power-on reset 

conf igure_sopec // need to configure peris (USB, ISI, DMA, ICU etc.) 
// Otherwise reset was a wakeup reset so peris etc. were already configured 
PAUSE: wait until IrqSemaphore 1-0 //i.e. wait until an interrupt has been serviced 
if (XrqSemaphore « DMAChanOMsg) then 

parse_msg{DMAChanOMsgPtr) // this routine will parse the message and take any 

// necessary action e.g. programming the DMAChannell registers 
elsif (irqSemaphore == DMAChanlMsg) then // program has been downloaded 

CalculatedHash - gen_shal (ProgramLocn, ProgramSize) 

if (ResetSrc « 1) then 

ExpectedHash = sig_decrypt ( Programs ig) 

else 

ExpectedHash = PSSHash 
if {ExpectedHash == CalculatedHash) then 

jmp(PrgraraLocn) // transfer control to the downloaded program 
else 

send_host_msg ( 'Program Authentication Failed') 
goto PAUSE: 

elsif (IrqSemaphore == timeout) then // nothing has happened 
if (ResetSrc e» 1) then 
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sleep_mode() // put SoPEC into sleep mode to be woken up by USB/ISI activity 
else //we were woken up but nothing happened 
reset_sopec (PowerOnReset) 

else 

goto PAUSE 

The boot code places no restrictions on the activity of any programs downloaded and authenticated by it 
other than those imposed by the configuration of the MMU i.e. the principal function of the boot code is to 
authenticate that any programs downloaded by it are from a trusted source. It is the responsibility of the 
downloaded program to ensure that any code it downloads is also authenticated and that the system 
remains secure. The downloaded program code is also responsible for setting the SoPEC ISIId (see section 
12.7 for a description of the ISIId) in a multi -SoPEC system. See the "SoPEC Security Overview" docu- 
ment [9] for more details of the SoPEC security features. 

17.3 Implementation 



17.3.1 Definitions of I/O 

Table 57. ROM Block I/O 



Clocks and Resets 



prst_n 


1 


In 


Global reset. Synchronous to pdk, active low. 


pdk 


1 


In 


Global clock 


CPU Interface 








cpu_adr[15:2] 


14 


(n 


CPU address bus. Only 14 bits are required to decode the address 
space for this block. . 


rom_cpu_data[31 :0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_acdde[1:0J 


2 


In 


CPU Access Code signals. These decode as follows: 

00 - User program access 

01 - User data access 

10 - Supervisor program access 
11. Supervisor data access 


cpu_rom_sel 


1 


In 


Block select from the CPU. When cpu_ram_set is high cpu_aoVis 
valid 


rom_cpu_rdy 


1 


Out 


Ready signal to the CPU. When rum_cpu_rxty is high It indicates 
the last cycle of the access. For a read cycle this means the data on 
rom_cpu_data Is valid. 


rom_cpu_b err 


1 


Out j 


ROM bus error signal to the CPU indicating an invalid access. 



17.3.2 



Configuration registers 

The ROM block will only allow read accesses to the FuseChipID registers with supervisor data space per- 
missions (i.e, cpu_acode[l:0] = 11). All other accesses of the FuseChipID registers will result in 
rom_cpuJ>err being asserted. The ROM block allows all read accesses to the ROM itself (i.e supervisor or 
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| * user, data or program accesses). The CPU subsystem bus slave interface is described in more detail in sec- 

tion 9.4.3. 



Table 58. ROM Block Register Map 



if 




m 

hi 




& 




0x8000 to 
0x8004 


FuseChiplD(N] 


32 


n/a 


Value of corresponding fuse bits. (Read only) 



17.3.3 Sub-Block Partition 



IBM offer two variants of their ROM macros; A high performance version (ROMHD) and a low power 
version (ROMLD). It is likely that the low power version will be used unless some implementation issue 
requires the high performance version. Bom versions offer the same bit density. The sub-block partition 
diagram below does not include the clocking and test signals for the ROM or ECID macros. The CPU sub- 
system bus interface is described in more detail in section 1 1.4.3. 



ROM Macro 
4096 x 32 



rom_adr 



rom_ data 30. 



IBM_300mm ECID macro 



! 
I 

Fuseooi 



k 
k 
H 

FUSG1 1 1 



fuse_data 



fuse_reg_adr 



CPU Bus 
Interface 



4- 


— 9*- 














► 


*- 


► 



cpu_rom_sel 
cpu_rwn 
>• rom_cpu_rdy 



rom_cpu_berr 



Figure 58. Sub-block partition of the ROM block 



17.3.4 Sub-block signal definition 

Table 59. ROM Block Internal signals 







Clocks and Resets 




prst_n 1 


| Global reset. Synchronous to pctk, active low. 
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Table 59. ROM Block Internal signals 









pdk 


1 


| Global dock 


Internal Signals 


rom_adr{11:0} 


12 


ROM address bus 


rom_sel 


1 


Select signal to the ROM macro instructing it to access the location 
at rom_adr 


rom_oe 


1 


Output enable signal to the ROM block 


rom_data(31 :0] 


32 


Data bus from the ROM macro to the CPU bus interface 


rom_dvaJid 


1 


Signal from the ROM macro indicating that the data on rom_data is 
valid for the address on rom_adr 


fuse_data(3t :0) 


32 


Data from the FuseChiplDfN] register addressed by fuse_reg_adr 


fuse_refl_adr(1 :0] 


2 


Indicates which of the FuseChlptD registers is being addressed 
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18 Power Safe Storage (PSS) Block 

18,1 Overview 

The PSS block provides 128 bytes of storage space that will maintain its state when the rest of the SoPEC 
device is in sleep mode. The PSS is expected to be used primarily for the storage of decrypted signatures 
associated with downloaded programmed code but it can also be used to store any information that needs 
to survive sleep mode (e.g. configuration details). Note that the signature digest only needs to be stored in 
the PSS before entering sleep mode and the PSS can be used for temporary storage of any data at all other 
times. 

Prior to entering sleep mode the CPU should store all of the information it will need on exiting sleep mode 
in the PSS. On emerging from sleep mode the boot code in ROM will read the ResetSrc register in the CPR 
block to determine which reset source caused the wakeup. The reset source information indicates whether 
or not the PSS contains valid stored data, and the PSS data determines the type of boot sequence to exe- 
cute. If for any reason a full power-on boot sequence should be performed (e.g. the printer driver has been 
updated) then this is simply achieved by initiating a full software reset. 



18.2 Implementation 

The storage area of the PSS block will be implemented as a 128-byte register array. The array is located 
from PSS_base through to PSSJ>ase+0x7F in the address map. The PSS block will only allow read or 
write accesses with supervisor data space permissions (i.e. cpu_acode[l:0) = 1 1). All other accesses will 
result in pss_cpujberr being asserted. The CPU subsystem bus slave interface is described in more detail 
in section 11.4.3. 
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18.2.1 Definitions of I/O 



Table 60. PSS Brock I/O 











Clocks and Resets 


prst_n 


1 


In 


Global reset. Synchronous to pclk, active low. 


pcfk 


1 


In 


Global clock 


CPU Interface 


cpu_adr(6:2] 


5 


In 


CPU address bus. Only 5 bits are required to decode the address 
space for this block. 


cpu_dataout[31:0] 


32 


In 


Shared write data bus from the CPU 


pss_cpu_data(31 :0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_acode[l .*0] 


2 


In 


CPU Access Code signals. These decode as follows: 

00 - User program access 

01 - User data access 

10 - Supervisor program access 

1 1 - Supervisor data access 


cpu_pss_sel 


1 


In 


Block select from the CPU. When cpu _pss_se!\3 high both cpu__adr 
and cpu_dataout are valid 


pss_cpu_rdy 


1 


Out 


Ready signal to the CPU. When pss_cpu_nty \s high H indicates the 
last cycle of the access. For a read cycle this means the data on 
pss_cpu__data Is valid. 


pss_cpu_berr 


1 


Out 


PSS bus error signal to the CPU Indicating an invalid access. 
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19 Low Speed Serial Interface (LSS) 



19.1 Overview 



The Low Speed Serial Interface (LSS) provides a mechanism for the internal SoPEC CPU to communicate 
with external QA chips via two independent LSS buses. The LSS communicates through the GPIO block 
to the QA chips. This allows the QA chip pins to be reused in multi-SoPEC environments. The LSS Mas- 
ter system-level interface is illustrated in Figure 59. Note that multiple QA chips are allowed on each LSS 
bus. 

CPU sub-system bus 
\ 



CPU 



LSS Master 



SoPEC 



GPIO 



LSS bus 0 



LSS bus 1 



A 




4 


L 


4 


L 




k -- - 


r 


f 


1 


f 




r 






QA Chip 0 




QA Chip 1 




QA Chip 2 




QA Chip 3 



Figure 59. LSS master system-level interface 



1 9.2 QA COMMUNICATION 



The SoPEC data interface to the QA Chips is a low speed, 2 pin, synchronous serial bus. Data is trans- 
ferred to the QA chips via the lss_data pin synchronously with the lss_clk pin. When the lss_clk is high the 
data on lss_data is deemed to be valid. Only the LSS master in SoPEC can drive the Iss^clk pin, this pin is 
an input only to the QA chips. The LSS block must be able to interface with an open-collector pull-up bus. 
This means that when the LSS block should transmit a logical zero it will drive 0 on the bus, but when it 
should transmit a logical 1 it will leave high-impedance on the bus (i.e. it doesn't drive the bus). If all the 
agents on the LSS bus adhere to this protocol then there will be no issues with bus contention. 

The LSS block controls all communication to and from the QA chips. The LSS block is the bus master in 
all cases. The LSS block interprets a command register set by the SoPEC CPU, initiates transactions to the 
QA chip in question and optionally accepts return data. Any return information is presented through the 
configuration registers to the SoPEC CPU. The LSS block indicates to the CPU the completion of a com- 
mand or the occurrence of an error via an interrupt. 



19.2.1 Start and stop conditions 



All transmissions on the LSS bus are initiated by the LSS master issuing a START condition and termi- 
nated by the LSS master issuing a STOP condition. START and STOP conditions are always generated by 
the LSS master. As illustrated in Figure 60, a START condition corresponds to a high to low transition on 
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lss_data while Issjclk is high. A STOP condition corresponds to a low to high transition on lss_data while 
lss_clk is high. 



lss_data 



lss_clk 



\ 



r 



V 



"_ _ _tt\ j r 
\ r 



START 
CONDITION 



STOP 
CONDITION 



Figure 60. START and STOP conditions 



19.2.2 Data transfer 

Data is transferred on the LSS bus via a byte orientated protocol. Bytes are transmitted serially. Each byte 
is sent most significant bit (MSB) first through to least significant bit (LSB) last. One clock pulse is gener- 
ated for each data bit transferred. Each byte must be followed by an acknowledge bit 

The data on the lss_data must be stable during the HIGH period of the lss_clk clock. Data may only 
change when lss_clk is low. A transmitter outputs data after the falling edge of Issjclk and a receiver inputs 
the data at the rising edge of lss_clk. This data is only considered as a valid data bit at the next lss_clk fall- 
ing edge provided a START or STOP is not detected in the period before the next lss_clk falling edge. All 
clock pulses are generated by the LSS block. The transmitter releases the lss_data line (high) during the 
acknowledge clock pulse (ninth clock pulse). The receiver must pull down the lss_data line during the 
acknowledge clock pulse so that it remains stable low during the HIGH period of this clock pulse. 

Data transfers follow the format shown in Figure 61 . The first byte sent by the LSS master after a START 
| condition is a primary id byte, where bits 7-2 form a 6-bit primary id (0 is a global id and will address all 

QA Chips on a particular LSS bus), bit I is an even parity bit for the primary id, and bit 0 forms the read/ 
write sense. Bit 0 is high if the following command is a read to the primary id given or low for a write 
command to that id. An acknowledge is generated by the QA chip(s) corresponding to the given id (if such 
a chip exists) by driving the Issjiata line low synchronous with the LSS master generated ninth Iss^clL 



lss_data f to»7- bito"\ Ack / \bta7 bitO ^ Acfc / \bits7-l) ( bitO j[ Nack \ j f \ 

• • "" " * " " it 

1? ' I II II 1 I M I I I 1?' 

START IDbytc[7:l] R/W ACK DATA ACK DATA ACK STOP 

cotxJuioa co ndition 

Figure 61. LSS transfer of 2 data bytes 



19.2.3 Write procedure 

The protocol for a write access to a QA Chip over the LSS bus is illustrated in Figure 63 below. The LSS 
master in SoPEC initiates the transaction by generating a START condition on the LSS bus. It then trans- 
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mits the primary id byte with a 0 in bit 0 to indicate that the following command is a write to the primary 
id An acknowledge is generated by the QA chip corresponding to the given primary id The LSS master 
will clock out M data bytes with the slave QA Chip acknowledging each successful byte written. Once the 
slave QA chip has acknowledged the M 1 * 1 data byte the LSS master issues a STOP condition to complete 
the transfer. The QA chip gathers the M data bytes together and interprets them as a command. See QA 
Chip Interface Specification for more details on the format of the commands used to communicate with 
the QA chip[8]. Note that the QA chip is free to 'not acknowledge any byte transmitted. The LSS master 
should respond by issuing an interrupt to the CPU to indicate this error. The CPU should then generate a 
STOP condition on the LSS bus to gracefully complete the transaction on the LSS bus. 



Byte 0 



BytcM-1 BytcM 











■raj 


s 


IDbyteT7:l] 


0 


Hi 























Data(8) 




Daa(8) 


m 



S - Start condition 
A = Ack 
N = Nack 
P = Stop condition 
Shaded bits driven by slave 



Figure 62. Example of LSS write to a QA Chip 



1 9.2.4 Read procedure 

The LSS master in SoPEC initiates the transaction by generating a START condition on the LSS bus. It 
then transmits the primary id byte with a 1 in bit 0 to indicate that the following command is a read to the 
primary id. An acknowledge is generated by the QA chip corresponding to the given primary id. The LSS 
master releases the lss_data bus and proceeds to clock the expected number of bytes from the QA chip 
with the LSS master acknowledging each successful byte read. The last expected byte is not acknowledged 
by the LSS master. It then completes the transaction by generating a STOP condition on the LSS bus. See 
QA Chip Interface Specification for more details on the format of the commands used to communicate 
with the QA chip[8]. 




BytcM 



••3 



S = Start condition 
As Ack 
N = Nack 
P = Stop condition 
Shaded bits driven by slave 



Figure 63. Example of LSS read from QA Chip 
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19.3 Implementation 

A block diagram of the LSS master is given in Figure 64. It consists of a block of configuration registers 
that are programmed by the CPU and two identical LSS master units that generate the signalling protocols 
on the two LSS buses as well as interrupts to the CPU. The CPU initiates and terminates transactions on 
the LSS buses by writing an appropriate command to the a>mmand register, writes bytes to be transmitted 
| to a fifo and reads bytes received from a fifo, and checks the sources of interrupts by reading status regis- 

ters. 
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Figure 64. LSS block diagram 
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19.3.1 Definitions of IO 



Table 61. LSS IO pins definitions 



Clocks and Resets 



pclk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active low 


CPU Interface 


cpu_rwn 


1 


In 


Common read/not-wiite signal from the CPU 


cpu_adr{7:2] 


5 


In 


CPU address bus. Only 6 bits are required to decode the 
address space for this block 


cpu_dataout|31 :0] 


32 


In 


Shared write data bus from the CPU 


cpu_acode[1:0] 


2 


In 

t 


CPU access code signals. 

cpu_acode[0] - Program (0) / Data (1) access 

cpu_acode{1 j - User (0) / Supervisor (1) access 


cpu_tes_sel 


1 


In 


Block select from the CPU. When cpu_lss_sel Is high both 
cpu_adrand cpu_dataout are valid 


lss_cpu_rdy 


1 


Out 


Ready signal to the CPU. When tss_cpu_rdy \$ high it Indicates 
the last cycle of the access. For a write cycle this means 
cpu^dataout has been registered by the LSS block and for a 
read cycle this means the data on lssjcpu_data is valid. 


lss__cpu_berr 


1 


Out 


LSS bus error signat to the CPU. 


lss_cpu_data[31 .O] 


32 


Out 


Read data bus to the CPU 


lss_cpu_debug_vaiid 


1 


Out 


Active high. Indicates the presence of valid debug data on 
lss_cpu_data. 


GPtO for LSS buses 


lss_gpio_do[1:0) 


2 


Out 


LSS bus data output 
Bit 0 - LSS bus 0 
Bit 1 - LSS bus 1 


gpiojss_dt[1:0] 


2 


In 


LSS bus data Input 
Bit 0 - LSS bus 0 
Bit 1 - LSS bus 1 


tes_gpio_e[1:OJ 


2 i 


Out 


LSS bus data output enable, active high 
Bit 0 - LSS bus 0 
Bit 1 - LSS bus 1 


lss_gpio_cik(1 :0] 


2 


Out 


LSS bus clock output 
Bit 0 - LSS bus 0 
Bit 1 - LSS bus 1 


ICU Interface 


lss_icujrq[1:0] 


2 


Out 


LSS interrupt requests 

Bit 0 - interrupt associated with LSS bus 0 

Bit 1 - interrupt associated with LSS bus 1 
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19.3.2 Configuration registers 

The configuration registers in the LSS block are programmed via the CPU interface. Refer to section 1 1.4 
on page 69 for the description of the protocol and timing diagrams for reading and writing registers in the 
LSS block. Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register 
reads and writes, the lower 2 bits of the CPU address bus are not required to decode the address space for 
the LSS block. Table 62 lists the configuration registers in the LSS block. When reading a register that is 
less than 32 bits wide zeros should be returned on the upper unused bit(s) of lss_cpu_data. 

The input cpu_acode signal indicates whether the current CPU access is supervisor, user, program or data. 
The configuration registers in the LSS block can only be read or written by a supervisor data access, i.e. 
when cpujacode equals bll. If the current access is a supervisor data access then the LSS responds by 
asserting lss_cpu_rdy for a single clock cycle. 

If the current access is anything other than a supervisor data access, then the LSS generates a bus error by 
asserting lss_cpujberr for a single clock cycle instead of lss_cpu_rdy as shown in section 1 1.4 on page 69. 
A write access will be ignored, and a read access will return zero. 



Table 62. LSS Control Registers 







H 






Control registers 


0x00 


Reset 


1 


0x1 


A write to this register causes a reset of the LSS. 


0x04 


LssClockHighPenod 


16 


oxooca 


High period of lss_dk expressed as a number of pdk 
cycles. Transmission over the LSS bus Is at a nominal 
rate of 400kHz, corresponding to a high period of 200 
pdk (160Mhz) cycles for a 50/50 duty cycle. 


0x08 


LssClockLowFe Mod 


16 


OxOOC8 


Low period of tss^cfk expressed as a number of pdk 
cycles. Transmission over the LSS bus is at a nominal 
rate of 400kHz, corresponding to a low period of 200 
pdk (1 BOMhz) cycles for a 50/50 duty cycle. 


LSS bus 0 registers 1 


0x10 


LssOIntStatus 


3 


0x0 


LSS bus 0 interrupt status registers 

Bit 0 - command completed successfully 

Bit 1 - error during processing of command, 

not -acknowledge received after transmission 

of primary id byte on LSS bus 0 
Bit 2 - error during processing of command, 

not -acknowledge received after transmission 

of data byte on LSS bus 0 
A 1 In a bit of lssO_status_set signal causes the corre- 
sponding bit in LssOIntStatus register to be set. 
All the bits in LssOIntStatus are cleared when the 
LssOCmd register gets written to. 
(Read only register) 


0x14 


LssOCurrentState 


4 


0x0 


Gives the current state of the LSS bus 0 state 
machine. (Read only register). 
(Encoding will be specified upon state machine Imple- 
mentation) 


0x18 


LssOCmd 


22 


0x00 | 
_0000 


Command register defining sequence of events to 
perform on LSS bus 0 before Interrupting CPU. 
A write to this register causes all the bits in the 
LssOtntStatus register to be cleared as well as gener- 
ating a tsso_nsw_cmd pulse. 
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Table 62. LSS Control Registers 







m 






0x1C-0x2C 


Lss0fifo[4:0] 


5x32 


0x0000 
_0000 


LSS Data buffer. Should be filled wfth transmit data 
before transmit command, or read data bytes received 
after a valid read command. 


LSS bus 1 registers 


0x30 


Lss UntStatus 


3 


0x0 


LSS bus 1 interrupt status registers 

Bit 0 - command completed successfully 

Bit 1 - error during processing of command, 

not -acknowledge received after transmission 

of primary id byte on LSS bus 1 
Bit 2 - error during processing of command, 

not -acknowledge received after transmission 

of data byte on LSS bus 1 
A 1 in a bit of lss 1_status_set signal causes the corre- 
sponding bit in Lss 1 tntStatus register to be set. 
All the bits in Lss UntStatus are cleared when the 
LsslCmd register gets written to. 
(Read only register) 


0x34 


Lssl Currents late 


4 


0x0 


Gives the current state of the LSS bus 1 state 
machine. (Read only register) 
(Encoding will be specified upon state machine imple- 
mentation) 


0x38 


LsslCmd 


22 


0x00_ 
0000 


Command register defining sequence of events to 
perform on LSS bus 1 before interrupting CPU. 
A write to this register causes all the bits in the 
Lss UntStatus register to be d eared as well as gener- 
ating a Iss1__new__cmd pulse. 


0x3C-0x4C 


Lss1Bufferf4:0} 


5x32 


0x0000 | 
_0000 


LSS Data buffer. Should be filled with transmit data 
before transmit command, or read data bytes received 
after a valid read command. 


Debug registers 


0x50 


LssDebugSel 


5 


0x00 


Selects register for debug output. This value is used 
as the input to the register decode logic instead of 
cpu_adr[6:2] when the LSS block is not being 
accessed by the CPU, i.e. when cpu_lss_seli$ 0. 
The output tss__cpu_debug_ valid is asserted to indi- 
cate that the data on tss__cpu_data Is valid debug 
data. This data can be mutiiplexed onto chip pins dur- 
ing debug mode. 



19.3.Z 1 LSS command registers 

The LSS command registers define a sequence of events to perform on the respective LSS bus before issu- 
ing an interrupt to the CPU. There is a separate command register and interrupt for each LSS bus. The for- 
mat of the command is given in Table 63. The CPU writes to the command register to initiate a sequence 
of events on an LSS bus. Once the sequence of events has completed or an error has occurred, an interrupt 
is sent back to the CPU. 

Some example commands are: 

• a single START condition (Start = 1 , IdByteEnable - 0, RdWrEnable « 0, Stop = 0) 

• a single STOP condition (Start = 0, IdByteEnable = 0, RdWrEnable - 0, Stop = 1) 

• a START condition followed by transmission of the id byte (Start « 1 , IdByteEnable = 1 , RdWrEnable 
= 0, Stop = 0, IdByte contains primary id byte) 
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I • a write transfer of 20 bytes from the data buffer (Start = 0, IdByteEnable •?= 0, RdWrEnable = 1, 

RdWrSense = 0, Stop = 0, TxRxByteCount = 20) 
| • a read transfer of 8 bytes into the data buffer (Start = 0, IdByteEnable = 0, RdWrEnable = 1, 

RdWrSense = 1 , ReadNack = ft Stop = 0, TxRxByteCount = 8) 
♦ a complete read transaction of 1 6 bytes (Star* = 1 , IdByteEnable = 1 , RdWrEnable » 1 f RdWrSense = 1 , 

ReadNack = /, Stop = 1, contains primary id byte, TxRxByteCount = 16), etc. 

The CPU can thus program the number of bytes to be transmitted or received (up to a maximum of 20) on 
the LSS bus before it gets interrupted This allows it to insert arbitrary delays in a transfer at a byte bound- 
ary. For example the CPU may want to transmit 30 bytes to a QA chip but insert a delay between the 20 th 
I and 21 st bytes sent It does this by first writing 20 bytes to the data buffer. It then writes a command to gen- 

I erate a START condition, send the primary id byte and then transmit the 20 bytes from the data buffer. 

When interrupted by the LSS block to indicate successful completion of the command the CPU can then 
1 write the remaining 10 bytes to the data buffer. It can then wait for a defined period of time before writing 

I a command to transmit the 10 bytes from the data buffer and generate a STOP condition to terminate the 

transaction over the LSS bus. 

An interrupt to the CPU is generated for one cycle when any bit in LssNIntStatus is set. The CPU can read 
LssNIntStatus to discover the source of the interrupt and can clear a bit in LssNIntStatus by writing a 1 to 
the corresponding bit in LssNIntStatus register. Alternatively the CPU can start a new command which 
will automatically reset all LssNIntStatus bits. 



Table 63. LSS command register description 







Mmnwmmmmmm§mmimmmm 


0 


Start 


When 1 , Issue a START condition on the LSS bus. 


1 


IdByteEnable 


ID byte transmit enable: 

1 - transmit byte in IdByte field 

0 - Ignore byte In IdByte field 


2 


RdWrEnable 


Read/write transfer enable: 

0 - ignore settings of RdWrSense, ReadNack and TxRxByteCount 

1 - it RdWrSense Is 0. then perform a write transfer of TxRxByteCount bytes from the 

data buffer. 

if RdWrSense is 1, then perform a read transfer of TxRxByteCount bytes into the 
data buffer. Each byte should be acknowledged and the last byte received is 
acknowledged/not-acknowledged according to the setting ot ReadNack. 


3 


RdWrSense 


Read/write sense indicator: 

0 - write 

1 - read 


4 


ReadNack 


Indicates, for a read transfer, whether to issue an acknowledge or a not-acknowledge 
after the last byte received (indicated by TxRxByteCount). 

0 - Issue acknowledge after last byte received 

1 - Issue not-acknowledge after last byte received. 


5 


Stop 


When 1 , Issue a STOP condition on the LSS bus. 


7:6 


reserved 


Must be 0 


15:8 


IdByte 


Byte to be transmitted if IdByteEnable is 1 . Bit 8 corresponds to the LSB. 


20:16 : 


TxRxByteCount 


Number of bytes to be transmitted from the data buffer or the number of bytes to be 
received into the data buffer. The maximum value that should be programmed is 20, 83 
the size of the data buffer is 20 bytes. 



The data buffer is implemented in the LSS master block. When the CPU writes to the LssNBuffer registers 
the data written is presented to the LSS master block via the ksNJniffer_wrdata bus and configuration 
registers block pulses the lssN_buffer_wen bit corresponding to the register written. For example if LssN- 
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Buffer [2] is written to lssNJmffer_wen[2] will be pulsed When the CPU reads the LssNBuffer registers 
the configuration registers block reflect the IssNJbuffer^rdata bus back to the CPU. 

19.3.3 LSS master unit 

The LSS master unit is instantiated for both LSS bus 0 and LSS bus 1. It controls transactions on the LSS 
bus by means of the state machine shown in Figure 65, which interprets the commands that are written by 
the CPU. It also contains a single 20 byte data buffer used for transmitting and receiving data. 

The CPU can write data to be transmitted on the LSS bus by writing to the LssNBuffer registers.. It can also 
read data that the LSS master unit receives on the LSS bus by reading the same registers. The LSS master 
always transmits or receives bytes to or from the data buffer in. the same order. For example a transmit 
command 

For a transmit command, LssNBuffer fOJ [7:0] gets transmitted first, then LssNBuffer [0] [15:8], LssNBuf- 
fer [0] [23: 16]. LssNBuffer [0] [3 1:24], LssNBuffer [1] [7:0] and so on until TxRxByteCount number of 
bytes are transmitted. A receive command fills data to the buffer in the same order. Each new command the 
buffer start point is reset. 

All state machine outputs, flags and counters are cleared on reset After a reset the state machine remains 
in the Idle state until lss_cmd_yalid equals 1. If the Start bit of the command is 0 the state machine pro- 
ceeds directly to the CheckldByteEnable state. If the Start bit is I it proceeds to the GenerateStart state 
and issues a START condition on the LSS bus. 

In the CheckldByteEnable state, if the IdByteEnable bit of the command is 0 the state machine proceeds 
directly to the CheckRdWrEnable state. If the IdByteEnable bit is 1 the state machine enters the Sendld- 
Byte state and the byte in the IdByte field of the command is transmitted on the LSS. The WaitForldAck 
state is then entered. If the byte is acknowledged, the state machine proceeds to the CheckRdWrEnable 
state. If the byte is not-acknowledged, the state machine proceeds to the Generatelnterrupt state and issues 
an interrupt to indicate a not-acknowledge was received after transmission of the primary id byte. 

In the CheckRdWrEnable state, if the RdWrEnable bit of the command is 0 the state machine proceeds 
directly to the CheckStop state. If the RdWrEnable bit is 1 , count is loaded with the value of the TxRxByte- 
Count field of the command and the state machine enters either the ReceiveByte state if the RdWrSense bit 
of the command is 1 or the TransmitByte state if the RdWrSense bit is 0. 

For a write transaction, the state machine keeps transmitting bytes from the data buffer, decrementing 
count after each byte transmitted, until count is 1. If all the bytes are successfully transmitted the state 
machine proceeds to the CheckStop state. If the slave QA chip not-acknowledges a transmitted byte, the 
state machine indicates this error by issuing an interrupt to the CPU and then entering the Generatelnter- 
rupt state. 

For a read transaction, the state machine keeps receiving bytes into the data buffer, decrementing count 
after each byte transmitted, until count is 1. After each byte received the LSS master must issue an 
acknowledge. After the last expected byte (i.e. when count is 1) the state machine checks the ReadNack bit 
of the command to see whether it must issue an acknowledge or not-acknowledge for that byte. The 
CheckStop state is then entered. 

In the CheckStop state, if the Stop bit of the command is 0 the state machine proceeds directly to the Gen- 
eratelnterrupt state. If the Stop bit is 1 it proceeds to the GenerateStop state and issues a STOP condition 
on the LSS bus before proceeding to the Generatelnterrupt state. In both cases an interrupt is issued to 
indicate successful completion of the command. 

The state machine then enters the Idle state to await the next command. 

The CPU may abort the current transfer at any time by performing a write to the Reset register of the LSS 
block. 
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19.3.3. 1 START and STOP generation 

START and STOP conditions, which signal the beginning and end of data transmission, occur when the 
LSS master generates a falling and rising edge respectively on the data while the clock is high. 



In the GenerateStort stale, lss__gpio_clk is held high with lss_gpioje remaining deasserted (so the data line 
is pulled high externally) for LssClockHighPeriod pclk cycles. Then lss_gpio_e is asserted and 
lss_gpiojdo is pulled low (to drive a 0 on the data line, creating a falling edge) with lss_gpio_clk remain- 
ing high for another LssClockHighPeriod pclk cycles. 

In the GenerateStop state, both Iss _gpio_clk and Iss _gpiojdo are pulled low followed by the assertion of 
Iss^gpiojs to drive a 0 while the clock is low. After LssClockLowPeriod pclk cycles, bs_gpio_clk is set 
high. After a further LssClockHighPeriod pclk cycles, lss_gpio_e is deasserted to release the data bus and 
create a rising edge on the data bus during the high period of the clock. 



The LSS master holds lss_gpio_clk high while the LSS bus is inactive. A clock pulse is generated for each 
bit transmitted or received over the LSS bus. It is generated by first holding Iss^gpio^clk low for LssClock- 
LowPeriod pclk cycles, and then high for LssClockHighPeriod pclk cycles. 



The input data, gpio_lss_di, is first synchronised to the pclk domain by means of two flip-flops clocked by 
pclk. The LSS master generates a clock pulse for each bit received. The output iss _gpio_je is deasserted on 
the falling edge of Iss^gpio^clk to release the data bus. The value on the synchronised gpio^lss_jdi is sam- 
pled on the rising edge of lss_gpio_clk (the data should be averaged over a further 3 stage register to avoid 
possible glitch detection). The data is only considered as a valid bit at the next falling edge of lss_gpio_clk 
provided a START or STOP is not generated in the meantime. 

In the ReceiveByte state, the state machine generates 8 clock pulses. On each rising edge of lss_gpio_clk 
the synchronised gpioJss_di is sampled. The first bit sampled is LssNB\iffer[0] [7] , the second LssNBuf- 
fer[0][6] % etc to LssNBufferfOJfOJ. For each byte received the state machine either sends an NAK or an 
ACK depending on the command configuration and the number of bytes received. 

In the SendNack state the state machine generates a single clock pulse. bs_gpio_e is deasserted and the 
LSS data line is pulled high externally to issue a not-ac knowledge. 

In the SendAck state the state machine generates a single clock pulse. lss_gpio_e is asserted and a 0 driven 
on lss_gpio_do after lss_gpio_clk falling edge to issue an acknowledge. 



19.3.3.4 Data transmission 

The LSS master generates a clock pulse for each bit transmitted Data is output on the LSS bus on the fall- 
ing edge of Iss _gpio_clk 



When the LSS master drives a logical zero on the bus it will assert Iss _gpio_e and drive a 0 on Iss _gpio_do 
after lss_gpiojclk falling edge. lss_gpio_e will remain asserted and lss_gpio_do will remain low until the 
next lss_clk falling edge. 

When the LSS master drives a logical one Iss _jgpio_je should be deasserted at lss_gpio_clk falling edge and 
remain deasserted at least until the next lss^gpio_clk falling edge. This is because the LSS bus will be 
externally pulled up to logical one via a pull-up resistor. 

In the Sendld byte state, the state machine generates 8 clock pulses to transmit the byte in the IdByte field 
of the current valid command On each falling edge of Iss ^gpio^clk a bit is driven on the data bus as out- 
lined above. On the first falling edge IdByte [7J is driven on the data bus, on the second falling edge 
IdByte[6] is driven out, etc. 



19.3.3.2 Clock pulse generation 



19.3.3.3 Data reception 
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In the TransmitByte state, the state machine generates 8 clock pulses to transmit the byte at the output of 
the transmit FIFO. On each falling edge of lss_gpio_clk a bit is driven on the data bus as outlined above- 
On the first falling edge LssNBuffer[0][7] is driven on the data bus, on the second falling edge LssNBuf- 
fer[0][6] is driven out, etc on to LssNBuffer[0] [7] bits. 

In the WaitForAck state, the state machine generates a single clock pulse. On the rising edge of 
lss_gpio_clk the synchronized gpioJbs_di is sampled. A 1 indicates an acknowledge and ack^detect is 
pulsed, a 0 indicates a not-acknowledge and nackjietect is pulsed. 



The CPU can control the data rate by setting the clock period of the LSS bus clock by programming appro- 
priate values in LssClockHighPeriod and LssClockLowPeriod. The default setting for both registers is 200 
{pclk cycles) which corresponds to transmission rate of 400kHz on the LSS bus. 



19.3.3.5 Data rate control 
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Slate machine outputs, Issjcujrq and 
LssStatusSet are zero unless otherwise 
indicated. 
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Figure 65. LSS master state machine 
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DRAM Subsystem 



J3 
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20 DRAM Interface Unit (DIU) 



20.1 



Overview 



Figure 66 shows how the DIU provides the interface between the on-chip 20 Mbit embedded DRAM and 
the rest of SoPEC. In addition to outlining the functionality of the DIU, this chapter provides a top-level 
overview of the memory storage and access patterns of SoPEC and the buffering required in the various 
SoPEC blocks to support those access requirements. 

The main functionality of the DIU is to arbitrate" between requests for access to the embedded DRAM and 
provide read or write accesses to the requesters. The DIU must also implement the initialisation sequence 
and refresh logic for the embedded DRAM. 

The arbitration mechanism is a hierarchical timeslot mechanism providing guaranteed bandwidth and 
latency to each DIU requester, with unused slots re-allocated to provide best effort accesses. The arbitra- 
tion scheme is fully programmable. 

The interface between the DIU and the SoPEC requesters is similar to the interface on PEC1 i.e. separate 
control, read data and write data busses. 

The embedded DRAM is used principally to store: 

• CPU program code and data. 

• PEP (re)programming commands. 

• Compressed pages containing contone, bi-level and raw tag data and header information. 

• Decompressed contone and bi-level data. 

• Dotline store during a print. 

• Print setup information such as tag format structures, dither matrices and dead nozzle information. 
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CPU sub-system 
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Figure 66. SoPEC System Top Level partition 



Doc: SoPEC Jiardware_design 
Version: 2.3 



S3 Proprietary Document 



J29 Nov 2002 
Page 196 





SoPEC : Hardware Design 
20.2 IBM Cu-11 Embedded DRAM 

20.2.1 Single bank 

SoPEC will use the 1.5 V core voltage option in IBM's 0.13 um class Cu-1 1 process. 



The random read/write cycle time and the refresh cycle time is 3 cycles at 160 MHz [16]. An open page 
access will complete in 1 cycle if the page mode select signal is clocked at 320 MHz or 2 cycles if the page 
mode select signal is clocked every 160 MHz cycle. The page mode select signal will be clocked at 320 
MHz in SoPEC. The DRAM word size is 256 bits. 

Most SoPEC requesters will make single 256 bit DRAM accesses (see Section 20.4). These accesses will 
take 3 cycles as they are random accesses i.e. they will most likely be to a different memory row than the 
previous access. 

The entire 20 Mbit DRAM will be implemented as a single memory bank. In Cu-1 1 , the maximum single 
instance size is 16 Mbit. The first 1 Mbit tile of each instance contains an area overhead so the cheapest 
solution in terms of area is to have only 2 instances. 16 Mbit and 4Mbit instances would together consume 
an area of 14.63 mm 2 as would 2 times 10 Mbit instances. 4 times 5 Mbit instances would require 17.2 
mm 2 . 

The instance size will determine the frequency of refresh. Each refresh requires 3 clock cycles. In Cu-1 1 
each row consists of 8 columns of 256-bit words. This means that 16 Mbit requires 8192 rows. A complete 
DRAM refresh is required every 3.2 ms. This would mean a row would have to be refreshed every 62 
cycles. Two times 10 Mbit instances would require a refresh every 100 clock cycles, if the instances are 
refreshed in parallel. Having 4 times 5 Mbit instances means a refresh is required only every 200 cycles.. 

The SoPEC DRAM will be constructed as two 10 Mbit instances implemented as a single memory bank. 
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20.3 SoPEC Memory Usage Requirements 

The memory usage requirements for the embedded DRAM are shown in Table 64. 



Table 64. Memory Usage Requirements 







mmrnimmmm 


compressed page store 


2048 Kbytes 


Compressed data page store for Bi-level 
and contone data 


Decompressed Contone 
Store 


108 Kbyte 


1 3824 lines with scale factor 6 = 2304 pixels, 
store 12 lines, 4 colors = 108 kB 
13824 lines with scale factor 5 » 2765 pixels, 
store 12 lines, 4 colors = 130 kB 


Spot line store 


5 1 Kbvta 


1 3824 dots/line so 3 lines is 5.1 kB 


Tag Format Structure 


55 Kbyte (384 dot line tags © 
1600 dpi) 

12 Kbyte (2.5 mm tags @ 800 
dpi) 


55 kB in for 384 dot line tags 

23 mm tags (1/1 0th inch) @ 1600 dpi require 

160 dot lines = 160/384 *55 nr Y\ IrR 

2.5 mm tags © 800 dpi require 80/364 x55 = 

12 kB 


Dtther Matrix store 


4 Kbytes 


64x64 dither matrix is 4 kB 
128x128 dither matrix is 16 kB 
256x256 dither matrix is 64 kB 


DNC Dead Nozzle Tabfe 


1.4Kbytes 


Delta encoded. (10 bit delta position + 6 dead 
nozzle mask) x% D nozzle 
5% dead nozzles requires (10+6)x 692 Dnoz- 
zles- 1.4 Kbytes 


Dot-tine store 


319 Kbytes 


Assume each color row is separated by 5 dot 
lines on the print head 
The dot line store will be 0+5+10... 50+55 = 
330 half dot lines + 48 extra half dot fines (4 
per dot row) = 378 half dot lines » 31 9 Kbytes 


PCU Program code 


8 Kbytes 


1024 commands of 64 bits a 8 kB 


CPU 


64 Kbytes 


Program code and data 


TOTAL 


2570 Kbytes (12 Kbyte TFS 
storage) 

2613 Kbytes (55 Kbyte TFS) 





Note: 

• Total storage of 2570 Kbytes will be reduced to 2560 Kbytes to align to 20 Mbit DRAM. 
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20.4 SoPEC Memory Access Patterns 

Table 65 shows a summary of the blocks on SoPEC requiring access to the embedded DRAM and their 
individual memory access patterns. Most blocks will access the DRAM in single 256-bit accesses. All 
accesses must be padded to 256-bits except for 64-bit CDU write accesses and CPU write accesses. Bits 
which should not be written are masked using the individual DRAM bit write inputs or byte write inputs, 
depending on the foundry. Using single 256-bit accesses means that the buffering required in the SoPEC 
DRAM requesters will be minimized. 



Table 65. Memory access patterns of SoPEC DRAM Requesters 



mmmamm 




CPU 


R 


Single 256-bit reads. 


W 


Single 32-bit, 1 6-bit or 8-bit writes. 


SCB 


W 


Single 256-bit writes. 


CDU 


R 


Single 256-bit reads of the compressed oontone data. 


W 


Each CDU access is a write to 4 consecutive DRAM words In the same row 
but only 64 bits of each word are written with the remaining bits write 
masked. 

The access time for this 4 word page mode burst Is 3 + 1 + 1 +1=6 cycles 
if the page mode select signal Is clocked at 320 MHz. 


CPU 


R 


Single 256 bit reads. 


LBD 


R 


Single 256 bit reads. 


SFU 


R 


Separate single 256 bit reads for previous and current line but sharing the 
same DIU interface 


W 


Single 256 bit writes. 


TE(TD) 


R 


Single 256 bit reads. Each read returns 2 times 128 bit tags. 


TE(TFS) 


R 


Single 256 bit reads. TPS is 1 36 bytes. This means there is unused data in 
the fifth 256 bit read. A total of 5 reads is required. 


HCU 


R 


Single 256 bit reads. 1 28 x 128 dither matrix requires 4 reads per line with 
double buffering. 256 x 256 dither matrix requires 8 reads at the end of the 
line with single buffering. 

Dither matrices have start address, end address and line advance incre- 
ment 


DNC 


R 


Single 256 bit dead nozzle table reads. Each dead nozzle table read con- 
tains 16 dead-nozzle tables entries each of 10 delta bits plus 6 dead nozzle 
mask bits. 


owu 


W 


Single 256 bit writes since enable/disable DRAM access per color plane. 


LLU 


R 


Single 256 bit reads since enable/disable DRAM access per color plane. 


PCU ' 


R 


Single 256 bit reads. Each PCU command is 64 bits so each 256 bit word j 
can contain 4 PCU commands. 

PCU reads from DRAM used for reprogramming PEP should be executed 
with minimum latency. 

If this occurs between pages then there will be free bandwidth as most of 
the other SoPEC Units will not be requesting from DRAM. If this occurs 
between bands then the LDB, CDU and TE bandwidth will be free. So the 
PCU should have a high priority to access to any spare bandwidth. 


Refresh 




Single refresh. 
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20.5 Buffering Required in SoPEC DRAM Requesters 

If each DIU access is a single 256-bit access then we need to provide a 256-bit double buffer in the DRAM 
requester. If the DRAM requester has a 64-bit interface then this can be implemented as an 8 x 64-bit 
FIFO. 



Table 66. Buffer sizes In SoPEC DRAM requesters 



DRAM 
Requester 


Direction 


Access patterns 


Buffering required in 
block 


CPU 


R 


Sinale 256-bit reads. 


Cache. 


W 


Single 32-bit writes but allowing 16-bit or byte 
addressable writes. 


None, 


SCB 


W 


Single 256-bit writes. 


Double 
256-bft buffer. 


CDU 


R 


Single 256-bit reads of the compressed contone 
data. 


Double 256-bit buffer. 


w 


Each CDU access ls a write to 4 consecutive DRAM 

words in the same row but only 64 bits of each word 
are written with the remaining bits write masked. 


Double heft JPPG hfnrk 

buffer. 


CFU 


R 


Single 256 bit reads. 


Double 256-bit buffer. 


LBD 


R 


Sinale 256 bit reads 


Double ?<5fwhrt buffer 

UUUUiC cJtrUll LHJIlCI. 


SFU 


R 


Separate single 256 bit reads for previous and cur- 
rent line but sharing the same DIU interface 


Double 256-bit buffer for 
each read channel. 


W 


Single 256 bit writes. 


Double 256-bit buffer. 


TE(TD) 


R 


Single 256 bit reads. 


Double 256-bit buffer. { 


TE(TFS) 


R 


Single 256 bit reads. TFS is 136 bytes. This means 
there is unused data in the fifth 256 bit read. A total 
of 5 reads is required. 


Double line-buffer for 136 
bytes implemented in TE. 


HCU 


R 


Single 256 bit reads. 128 x 128 dither matrix 
requires 4 reads per line with double buffering. 256 x 
256 dither matrix requires 8 reads at the end of the 
line with single buffering. 


Configurable between dou- 
ble 128 byte buffer and 
single 256 byte buffer. 


DNC 


R 


Single 256 bit reads 


Double 256-bit buffer. 
Deeper buffering could be 
specified to cope with local 
clusters of dead nozzles. 


DWU 


W 


Single 256 bit writes per enabled odd/even color 
plane. 


Double 256-bit buffer per 
color plane. 


LLU 


R 


Single 256 bit reads per enabled odd/even color 
plane. 


Double 256-bit buffer per 
color plane. 


PCU 


R 


Single 256 bit reads. Each PCU command is 64 bits 
so each 256 bit DRAM read can contain 4 PCU com- 
mands. Requested command is read from DRAM 
together with the next 3 contiguous 64-bits which are 
cached to avoid unnecessary ORAM reads. 


Single 256-bit buffer. 


Refresh 




Single refresh. 


None. 
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20.6 SoPEC DIU Bandwidth Requirements 

Table 67: SoPEC DIU Bandwidth Requirements 





CPU 



R 
W 



SCB 



w 



780 2 



0.328 



0.328 



0.5 



COU 



W 



128(SF = 4),288(SF = 
6), 1 :1 compression 3 



32/n 2 (SF=n), 
0.9 (SF = 6), 
2(SF = 4) 
(1:1 compression) 



32/10*n 2 (SF=n), 
0.09 (SF = 6), 
0.2(SFc=4) 
(10:1 compression) 4 



For individual . 
16 cycles (SF = 4),36 
cycles (SF = 6). n* cycles 
(SF=n). 

Will be implemented as a 
page mode burst of 4 
accesses every 64 cycles 
(SF = 4), 144 (SF =6), 
4*n 2 (SF=n) cycles 5 



64/n 2 (SF=n), 
1.8 (SF = 6). 
4(SF = 4) 



32/rr 2 (SF=n), 
0.9 (SF = 6). 
2(SF=:4) 6 



1 (SF=6) 

2 (SF=4) 



2 (SF=6) 
4 (SF=4) 



CFU 



32(SF=4).48(SF = 6) 7 



32/n (SF=n), 
5.4 (SF = 6). 
8 (SF - 4) 



256 (1:1 compression) 8 



32/n (SF=*i). 
5.4(SF = 6), 
8 <SF « 4) 



5.5 (SF=6) 
8(SF=4) 



0.1 (10:1 compression) 9 



LBD 



1 (1:1 compression) 



SFU 



R 



128 



10 



256 1 



TE(TO) 



252 



12 



1.02 



1.02 



1.25 



TE(TFS) 



5 reads per line 13 



0.093 



0.093 



0.25 



HCU 



4 reads per line for 128 x 
128 dither matrix 14 



0.074 



0.074 



0.25 



DNC 



106 (5% dead-nozzles 
10-bit delta encoded) 15 



2.4 (clump of dead 
nozzles) 



0.8 (equally spaced 
dead nozzles) 



2.5 



DWU 



W 



6 writes every 256 16 



LLU 



6 reads every 256 17 



PCU 



256 18 



Refresh 



100 19 



2.56 



2.56 



2.75 



TOTAL 



SF «= 6: 34 
SF = 4: 39.5 
excluding CPU 



SF » 6: 27.5 
SF = 4: 31.2 
excluding CPU 



SF = 6: 35 
excluding CPU. 
SF»4: 40.5 
excluding CPU 



Notes: 

1 : The number of allocated timeslots is based on 64 timeslots each of 1 bit/cycle but broken down to a granularity of 
0.25 bit/cycle. 

2: 50 Mbit/s is 0.328 bits/cycle or 256 bits evciy 780 cycles. 

3: At 1 :l compression CDU must read a 4 color pixel (32 bits) every SF 2 cycles. 
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4: At 10: 1 'average compression CDU must read a 4 color pixel (32 bits) every 10*SF 2 cycles. 
5: 4 color pixel (32 bits) is required, on average, by the CFU every SF 2 (scale factor) cycles. 

The time available to write the data is a function of the size of the buffer in DRAM. 1.5 buffering means 4 color pixel 
(32 bits) must be written every SF 2 / 2 (scale factor) cycles. Therefore, at a scale factor of SF, 64 bits are required 
every SF 2 cycles. 

Since 64 valid bits are written per 256-bit write (Figure 104 on page 282) then the DRAM is accessed every SF 2 
cycles i.e. at SF4 an access every 16 cycles, at SF6 an access every 36 cycles. 

If a page mode burst of 4 accesses is used then each access takes (3 + 1+1+1) equals 6 cycles. This means at SF, a set 

of 4 back-to-back accesses must occur every 4*SF 2 cycles. This assumes the page mode select signal is clocked at 320 

MHz. CDU timeslots therefore take 6 cycles. 

For scale factors lower than 4 double buffering will be used, 

6: The average bandwidth 1/2 the peak bandwidth in the case of 1 .5 buflfering. 

7: 4 color pixel (32 bits) read by CFU every SF cycles. At SF4, 32 bits is required every 4 cycles or 256 bits every 32 

cycles. At SF6, 32bits every 6 cycles or 256 bits every 48 cycles. 

8: At 1 :1 compression require 1 bit/cycle or 256 bits every 256 cycles. 

9: The average bandwidth required at 10:1 compression is 0.1 bits/cycle. 

10: Two separate reads of 1 bit/cycle. 

11: Write at 1 bit/cycle. 

12: Each tag can be consumed in at most 126 dot cycles and requires 128 bits. This is a maximum rate of 256 bits 
every 252 cycles. 

13; 17 x 64 bit reads per line in PEC1 is 5 x 256 bit reads per line in SoPEC. Double-line buffered storage. 
14: 128 bytes read per line is 4 x 256 bit reads per line. Double-line buffered storage. 

15: 5% dead nozzles 10-bit delta encoded stored with 6-bit dead nozzle mask requires 0.8 bits/cycle read access or a 
. 256-bit access every 320 cycles. This assumes the dead nozzles are evenly spaced out. In practice dead nozzles are 
likely to be clumped. Peak bandwidth is estimated as 3 times average bandwidth. 
1 6: 6 bits/cycle requires 6 x 256 bit writes every 256 cycles. 

17: 6 bits/160 MHz SoPEC cycle average but will peak at 2 x 6 bits per 106 MHz print head cycle or 8 bits/ SoPEC 
cycle. The PHI can equalise the DRAM access rate over the line so that the peak rate equals the average rate of 8 bits/ 
cycle. 

1 8: Assume one 256 read per 256 cycles is sufficient i.e. maximum latency of 256 cycles per access is allowable. 
19: As an example assume refresh must occur every 3.2 ms. Refresh occurs row at a time over 5120 rows of 2 parallel 
10 Mbit instances. Each refresh takes 3 cycles. This is equivalent to a timeslot every 100 cycles. 
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20.7 DIU BUS TOPOLOGY 
20.7.1 Basic topology 



Table 68. SoPEC DIU Requesters 







CPU 


CPU 
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CDU 


SCB 
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CDU 




LBD 


SFU 




SFU 


DWU 




TE(TD) 






TE(TFS) 






HCU 






DNC 






LLU 






PCU 







Table 68 shows the DIU requesters in SoPEC. There are 1 1 read requesters and 5 write requesters in 
SoPEC as compared with 8 read requesters and 4 write requesters in PEC1. Refresh is an additional 
requester. 

In PEC1 , the interface between the DIU and the DIU requesters had the following main features: 

• separate control and address signals per DIU requester multiplexed in the DIU according to the arbitra- 
tion scheme, 

• separate 64-bit write data bus for each DRAM write requester multiplexed in the DIU, 

• common 64-bit read bus from the DIU with separate enables to each DIU read requester. 

Tuning closure for this bussing scheme was straight-forward in PEC1. This suggests that a similar scheme 
will also achieve timing closure in SoPEC. SoPEC has 5 more DRAM requesters but it will be in a 0.13 
urn process with more metal layers and SoPEC will run at approximately the same speed as PECl. 

Using 256-bit busses would match the data width of the embedded DRAM but such large busses may 
result in an increase in size of the DIU and the entire SoPEC chip. The SoPEC requestors would require 
double 256-bit wide buffers to match the 256-bit busses. These buffers, which must be implemented in 
flip-flops, are less area efficient than 8-deep 64-bit wide register arrays which can be used with 64-bit bus- 
ses. SoPEC will therefore use 64-bit data busses. Use of 256-bit busses would however simplify the DIU 
implementation as local buffering of 256-bit DRAM data would not be required within the DIU. 

20.7.1.1 CPU DRAM access 

The CPU is the only DIU requestor for which access latency is critical. All DIU write requesters transfer 
write data to the DIU using separate point-to-point busses. The CPU will use the cpu_dataout[3 1 :0] bus. 
CPU reads will not be over the shared 64-bit read bus. Instead, CPU reads will use a separate 256-bit read 
bus. 

20.7.2 Making more efficient use of DRAM bandwidth 

The embedded DRAM is 256-bits wide. The 4 cycles it takes to transfer the 256-bits over the 64-bit data 
busses of SoPEC means that effectively each access will be at least 4 cycles long. It takes only 3 cycles to 
actually do a 256-bit random DRAM access in the case of IBM DRAM. 
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20.7,2.1 Common read bus 

If we have a common read data bus, as in PEC1, then if we are doing back to back read accesses the next 
DRAM read cannot start until the read data bus is free. So each DRAM read access can occur only every 4 
cycles. This is shown in Figure 67 with the actual DRAM access taking 3 cycles leaving 1 unused cycle 
per access. 
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Figure 67. Shared read bus with 3 cycle random DRAM read accesses 



20.7.2.2 Interleaving CPU and non-CPU read accesses 

The CPU has a separate 256-bit read bus. All other read accesses are 256-bit accesses are over a shared 64- 
bit read bus. Interleaving CPU and non-CPU read accesses means the effective duration of an interleaved 
access timeslot is the DRAM access time (3 cycles) rather than 4 cycles* Interleaving is achieved by order- 
ing the DIU arbitration slot allocation appropriately. 

Figure 68 shows interleaved CPU and non-CPU read accesses. 
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20.7.2.3 Interleaving read and write accesses 

Having separate write data busses means write accesses can be interleaved with each other and with read 
accesses. So now the effective duration of an interleaved access timeslot is the DRAM access time (3 
cycles) rather than 4 cycles. Interleaving is achieved by ordering the DIU arbitration slot allocation appro- 
priately. 

Figure 69 shows interleaved read and write accesses. Figure 70 shows interleaved write accesses. 
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Figure 69. Interleaving read and write accesses with 3 cycle random DRAM accesses 



Write data still takes 4 cycles to transmit over 64-bit busses so 256-bit buffers are required in the DIU to 
gather the write data from the requesters. 
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20.7.3 Basmidths y 



Table 69. SoPEC DVU Requesters Data Bus Width 
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LLU 


64 (shared) 






PCU 


64 (shared) 







20.7.4 Conclusions 

Reads and writes can be interleaved with a separate 256-bit read bus for the CPU for m in i m u m latency 
D1U access. Interleaving can be performed by inserting write accesses or CPU accesses between shared 
read bus accesses. The interleaving is achieved by ordering the DIU arbitration slot allocation appropri- 
ately. 
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20.8 



SOPEC DRAM ADDRESSING SCHEME 



The embedded DRAM is composed of 256-bit words. However the CPU-subsystem may need to write 
individual bytes of DRAM. Therefore it was decided to make the DIU byte addressable. 22 bits are 
required to byte address 20 Mbit of DRAM. 

Most blocks read or write 256 bit words of DRAM. Therefore only the top 17 bits i.e. bits 21 to 5 are 
required to address 256-bit word aligned locations. 

The exceptions are 

• CDU which can write 64-bits so only the top 19 address bits i.e. bits 21-3 are required 

• CPU writes can be 8, 1 6 or 32-bits. The cpu_diu_wmask[I:0] pins indicate whether to write 8, 1 6 or 32 
bits. 

All DIU accesses must be within the same 256-bit aligned DRAM word. 
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20.9 DIU Protocols 

The DIU protocols are 

• pipelined i.e the following transaction is initiated while the previous transfer is in progress. 

• split transaction i.e. the transaction is split into independent address and data transfers. 



20.9.1 Read Protocol except CPU 

The SoPEC read requestors, except for the CPU, perform single 256-bit read accesses with the read data 
being transferred from the DIU in 4 consecutive cycles over a shared 64-bit read bus, diu_data[63:0]. The 
read address <unit>_diu_radr[21:5] is 256-bit aligned. 

The read protocol is: 

• <unit>jiiujrreq is asserted along with a valid <unit>__diu_radr[2l:5]. 

• The DIU acknowledges the request with diu_<unit>_rack The request should be deasserted. The min- 
imum number of cycles between <unit>_diu_rreq being asserted and the DIU generating an 
diu_<unit>_rack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the arbitration - 
see Section 20.13.6). 

• The read data is returned on diu_data[63:0] and its validity is indicated by diu_<unit>_rvcdid. 

• When four diu_<unit>_rvalid pulses have been received then if there is a further request 
<unit>_(diu_rreq should be asserted again. diu_<unit>_rvalid will be always be asserted by the DIU 
for four consecrative cycles. The first diu_<unit>_rvalid pulse will occur 3 cycles after 
diu_<unit>_rack (1 cycle to transfer the address to the DRAM, 2 cycles for the read data to be 
returned from the DRAM). 



pclk 

<unit>_diu_rreq 
diu_<unit>_rack 



<unit>_diu_radr[2 1 :5] \_ 
diu_<unit>_rvalid 
diu_data[63:0] f 



TT 



Figure 71. Read protocol for a SoPEC Unit making a single 256-bit access 



20.9.2 Read Protocol for CPU 

The CPU performs single 256-bit read accesses with the read data being transferred from the DIU over a 
dedicated 256-bit read bus for DRAM data, dram_cpu_data[255:0]. The read address cpu_adr[2l:5] is 
256-bit aligned. 

The CPU DIU read protocol is: 

• cpu_diu_rreq is asserted along with a valid cpu_adr[21:5J. 
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• The DIU acknowledges the request with diu_cpujrack. The request should be deasserted. The mini- 
mum number of cycles between cpujdiu_rreq being asserted and the DIU generating a cpu_diu_rack 
strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the arbitration - see Section 
20.13.6). 

• The read data is returned on dram_cpu_data[255:0] and its validity is indicated by diu_cpu_rvalid. 

• When the diu_cpu_rvalid pulse has been received then if there is a further request cpujdiujrreq should 
be asserted again. The diu_cpu_rvalid pulse will occur 3 cycles after rack (1 cycle to transfer the 
address to the DRAM, 2 cycles for the read data to be returned from the DRAM). 



pclk 

cpu_diu_rreq 
diu_cpu_rack 




cpu_adr[21:5] | . | J~ 



diu_cpu_rvalid 



dram_cpu_data[255:0] [ . , • . . [ * | 

Figure 72. Read protocol for a CPU making a single 256-bit access 



20.9.3 Write Protocol except CPU and CDU 

The SoPEC write requestors, except for the CPU and CDU, perform single 256-bit write accesses with the 
write data being transferred to the DIU in 4 consecrative cycles, over dedicated point-to-point 64-bit write 
data busses. The write address <unit>_diu_wadr[21 :5] is 256-bit aligned. 

The write protocol is: 

• <unit>_diu_wrsq is asserted along with a valid <unit>_diujwadr[21:5]. 

• The DIU acknowledges the request with diu_<unit>_wack. The request should be deasserted. The 
minimum number of cycles between <unit>_diu_yvreq being asserted and the DIU generating an 
diu_<unit>_yvack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the arbitration - 
see Section 20. 13.6). 

• In the clock cycles following wack the SoPEC Unit outputs the <unit>_diu_data[63:0J % asserting 
<unit>__diu_wvaiid. Write data should be output as soon as possible after receiving the wack Access- 
ing registers, register arrays or SRAMs may incur different delays. The first <unit>_diu_wvalid pulse 
can occur in the clock cycle after diu_<unit>_wact In the case of register array or SRAM access, the 
first <unit>_diujwaUd pulse will occur 2 clock cycles after diu__<unit>jwack. 

• Once all the write data has been output then if there is a further request <unit>_diu__wreq should be 
asserted again. 

A timeout mechanism will be implemented to ensure that the DIU will not lock-up if four 
<unit>_diujwvalid pulses are not provided. 
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Figure 73. Write Protocol shown for a SoPEC Unit making a single 256-bit access 



20.9.4 CPU Write Protocol 

The CPU performs single write which can be 8, 16 or 32-bits with the write data being transferred to the 
DIU over the cpu_dataout[3I:0J bus. The write address cpu_jxdrf21:0J is byte aligned 

The CPU write protocol is: 

• cpu_diu_wreq is asserted along with a valid cpu_adr[21:Q] and a write mask cpujdiu_wmask[l :0] to 
indicate whether an 8, 1 6 or 32-bit access is required. 

• The DIU acknowledges the request with diu_cpujwack The request should be deassertecL The mini- 
mum number of cycles between cpu_diu_wreq being asserted and the DIU generating an 
diu_cpu_wack strobe is 2 cycles (1 cycle to register the request, I cycle to perform the arbitration - see 
Section 20. 13.6). 

• In the clock cycle following diu_cpu_wack the CPU outputs the cpu_dataout[31:0], asserting 
cpu_diu_wvalid. Write data should be output as soon as possible after receiving the diu_cpu_wack. 
The earliest the cpu_diu_wvalid pulse can occur is in the first clock cycle after diu^cpujwack. 

• Once the write data has been output then if there is a further request cpu_diu_wreq should be asserted 
again. 
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Figure 74. Write Protocol shown for a CPU making an 8, 16 or 32-bit access 



20.9.5 CDU Write Protocol 

The CPU performs four 64-bit writes to 4 contiguous 256-bit DRAM addresses with the first address spec- 
ified by cdu_diu_wadr[2l:$]. The write address cdu_diuj*>adr{21:3] is 64-bit aligned 

The write protocol is: 

• cdu_diu_wdata is asserted along with a valid cdu_diu_yvadr[21:3], 

• The DIU acknowledges the request with diu_cdu_wack The request should be deasserted The mini- 
mum number of cycles between cdu_diu_wreq being asserted and the DIU generating an 
diu_cdu_wack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the arbitration - see 
Section 20.13.6). 

• In the clock cycles following wack the CDU outputs the cdu_diu_data[63:0J, together with asserted 
cdu^diu_wvalid. Write data should be output as soon as possible after receiving the wack. Accessing 
registers, register arrays or SRAMs may incur different delays. The first cdu_diu_wvalid pulse can 
occur in the clock cycle after diu__cdu_wack In the case of register array or SRAM access, the first 
cdu_diu__wvalid pulse will occur 2 clock cycles after diu_cdu_wack. 

• Once all the write data has been output then if there is a further request cdu_diu_wreq should be 
asserted again. 

A timeout mechanism will be implemented to ensure that the DIU will not lock-up if four cpu_diu_wvalid 
pulses are not provided. 
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Figure 75. Write Protocol shown for CDU making four contiguous 64-bit accesses 
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20.10 DIU ARBITRATION MECHANISM 



The DIU will arbitrate access to the embedded DRAM. The arbitration scheme is outlined in the next sec- 
tions. 



20.10.1 Timesiot based arbitration scheme 

Table 67 summarised the bandwidth requirements of the SoPEC requestors to DRAM. If we allocate the 
DIU requestors in terms of peak bandwidth then we require 36 bits/cycle (at SF =6) and 42.5 bits/cycle (at 
SF = 4) for all the requestors except the CPU. 

A timesiot scheme is defined with 64 main timeslots. The number of used main timeslots is programmable 
between 0 and 64. 

Since DRAM read requestors, except for the CPU, are connected to the DIU via a 64-bit data bus each 
256-bit DRAM access requires 4 pclk cycles to transfer the read data over the shared read bus. The 
timesiot rotation period for 64 timeslots each of 4 pclk cycles is 256 pclk cycles or 1 .6 \xs t assuming pclk is 
160 MHz. Each timesiot represents a 256-bit access every 256 pclk cycles or 1 bit/cycle. This is the granu- 
larity of the majority of DIU requestors bandwidth requirements in Table 67. 

The SoPEC DIU requesters can be represented using 5 bits (Table on page 229). Using 64 timeslots 
means that to allocate each timesiot to a requester a total of 64 times 5 configuration registers is required 
for the 64 main timeslots. 

Timesiot based arbitration works by having a pointer point to the current timesiot When re-arbitration. is 
signaled the arbitration pointer will advance to the next timesiot. If the SoPEC Unit assigned to the current 
timesiot is not requesting then the unused timesiot arbitration mechanism outlined in Section 20.10.4 is 
used to select the arbitration winner. 

The timesiot pointer advances when the DIU issues the next command to the DRAM. Each timesiot there- 
fore denotes a single access. The duration of the timesiot depends on the access. 

If the SoPEC Unit pointed to by the current timesiot pointer is not requesting then the slot will be allocated 
according to the mechanism described in Section 20.10.5. 



current timesiot 
pointer 







n-l 


n 











Figure 76. Timesiot based arbitration 

20.10.2 Separate read and write arbitration windows 

For write accesses, except the CPU, 256-bits of write data are transferred from the SoPEC DIU write 
requestors over 64-bit write busses in 4 clock cycles. This write data transfer latency means that writes 
accesses, except for CPU writes, must be arbitrated 4 cycles in advance. The [to be included figure and 
explanation) shows why this is necessary. 
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Since write arbitration must occur 4 cycles in advance, and the minimum duration of a timeslot duration is 
3 cycles, the arbitration rules must be modified to initiate write accesses in advance.accordingly. There is 
a timeslot lookahead pointer shown in Figure 77 two timcslots in advance of the current timeslot pointer. . 
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timeslot lookahead 
pointer 



n+2 



Figure 77, Timeslot based arbitration with separate read and write pointers 
The following examples illustrate separate read and write timeslot arbitration. 
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Figure 78. Example (a), separate read and write arbitration 

In Figure 78 writes are arbitrated two timeslots in advance. Reads are arbitrated in the same cycle Writes 
can be arbitrated in the same cycle as a read. During arbitration the command address of the arbitrated 
SoPEC Unit is captured. 

Other examples are shown in Figure 79, Figure 80 and Figure 81. The actual timelsot order is always the 
same as the programmed timeslot order i.e. out of order accesses do not occur and data coherency is never 
an issue. 

Each write must always incur a latency of two timeslots. If the first write occurs in the first timeslot then 
all following timeslots will incur a latency of two timeslots. This is shown in Figure 78 and Figure 79. If 
the first write occurs in the second timeslots then all following timeslots will incur a latency of two 
timeslots. This is shown in Figure 80. 
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Figure 79. Example (b), separate read and write arbitration 
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Figure 80. Example <c), separate read and write arbitration 
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Figure 81. Example (d), separate read and write arbitration 



Table 70 shows the 4 scenarios depending on whether the current timeslot and timeslot lookahead pointers 
point to read or write accesses. 

To be checked and updated: 

Table 70: Arbitration with separate windows for read and write accesses 



Miff 


Bit 


Fk'-'^vZTni ^ r*s " §^ 


read 


write 


Initiate read transfer.. 






Initiate write transfer. 


readt 


read2 


Initiate readl transfer. 


write 1 


write2 


Initiate write2 transfer. 


write 


read 


No action. 



If the current timeslot pointer points to a read access then this will be initiated immediately. 

If the timeslot lookahead pointer points to a write access then this access is initiated immediately, or 
immediately after the read access associated with the current timeslot pointer is initiated. 

When a write access is initiated the DIU will capture the write address and will do the DRAM write two 
tiemslots in advance when the associated write data has been transfered to the DIU. 

To be checked and updated: At initialisation, both pointers point to the first timeslot The lookahead 
pointer advances to the second timeslot and the third timeslot in successive clock cycles until it is two 
timeslots ahead of the current timeslot pointer. Then both pointers advance in tandem. At each step, the 
rules in Table 70 are obeyed. This leads to the behaviour shown in the exampes of Figure 78 to Figure 81 . 
CPU write accesses are excepted from the lookahead mechanism 
Timing diagrams for these scenarios are shown in Section 20.13 Implementation. 
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If the selected SoPEC Unit is not requesting then there will be separate read and write selection for unused 
timeslots. This is described in Section 20.10.5. 

20.1 0.3 Arbitration of CPU accesses 

The CPU can be allocated timeslots like any other DIU requestor. If CPU accesses are interleaved between 
the shared read bus accesses then the DIU timeslots will take 3 cycles as shown in Section 20.7.2.2. The 
timeslot rotation will be faster than 256 pclk cycles. 

What distinguishes the CPU from other SoPEC requestors, is that the CPU requires minimum latency 
DRAM access i.e. preferably the CPU should get the next available timeslot whenever it requests. 

The niinimum CPU read access latency is estimated in Table 71. This is the time between the CPU making 
a request to the DIU and receiving the read data back from the DIU. This ignores any latency associated 
with the CPU's caching mechanism. 

Table 71. Estimated CPU read access latency ignoring caching 







register the CPU read 
request 


1 cycle 


complete the arbitra- 
tion of the request 


1 cycle 


transfer the read 
address to the DRAM 


1 cycle 


DRAM read latency 


2 cycles 


register the read data 


1 cycle 


TOTAL 


6 cycles 



* If the CPU, as is likely, requests DRAM access again immediately after receiving data from the DIU then 
the CPU can access every second timeslot. This assumes that interleaving is employed so that timeslots 
last 3 cycles. If the CPU access latency increases to 7 cycles then the CPU will only be able to access every 
third timeslot. 

If a cache hit occurs the CPU does not require DRAM access. For its next DIU access it will have to wait 
for its next assigned DIU slot Cache hits therefore will reduce the number of DRAM accesses but not 
speed up any of those accesses. 

To avoid the CPU having to wait for its next timeslot it is desirable to have a mechanism for ensuring that 
the CPU always gets the next available timeslot without incurring any latency on the non-CPU timeslots. 

This can be done by defining each timeslot as consisting of a CPU access preceding a non-CPU access. 
Each timeslot will last 6 cycles i.e. a CPU access of 3 cycles and a non-CPU access of 3 cycles. This is 
exactly the interleaving behaviour outlined in Section 20.7.2.2. If the CPU does not require an access, the 
timeslot will take 3 or 4 and the timeslot rotation will go faster. A summary is given in Table 72. 



Table 72. Timeslot access times. 







CPU access + non-CPU access 


3 + 3 = 6 cycles 


Interleaved access 


non-CPU access 


4 cycles 


Access and preceding access both to shared 
read bus 
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Table 72. Tlmeslot access times. 









non-CPU access 


3 cycles 


Access and preceding access not both to shared 
read bus 


CDU write access 


3+1+1+1 =6 cycles 


Page mode select signal is clocked at 320 MHz 



CDU write accesses require 6 cycles. CDU write accesses preceded by a CPU access require 9 cycles. 
CDU timeslots therefore take longer than all other DIU requestors timeslots. 

With a 256 cycle rotation there can be 42 accesses of 6 cycles. This is just enough timeslots for SF = 4 
operation, ignoring implementation pipeline latencies. 

For low scale factor applications, it is desirable to have more timeslots available in the same 256 cycle 
rotation. So two counters of 4-bits each are defined allowing the CPU to get a maximum of cpu_timeslots 
in totaijtimeslots. A timestot counter starts at totaijtimeslots and decrements every timeslot, while another 
counter starts at cpujtimeslots and decrements every timeslot in which the CPU uses its access. When the 
CPU timeslot counter goes to zero before totaijtimeslots no further CPU accesses are allowed When the 
total jtimeslott counter reaches zero both counters are reset to their respective initial values. 

When cpujtimeslots is set to zero then no accesses will be preceded by CPU accesses. The CPU can be 
allocated timeslots like any other DIU requestor. 

If CPU accesses are interleaved between the shared read bus accesses then the DIU timeslots will take 3 
cycles as shown in Section 20.7.2.2 Otherwise the timeslots will take 4 cycles each and the rotation will 
take 256 cycles. 

The various modes of operation are summarised in Table 73 with a nominal rotation period of 256 cycles. 



Table 73. CPU timeslot allocation modes with nominal rotation period of 256 cycles 





fenw&jotg 






CPU Pre-access 

i.e. cpujtimeslots = totaijtimeslots 


6 cycles 


42 timeslots 


Each access is CPU + non-CPU. 

If CPU does not use a timeslot then rotation fs taster. 


Fractional CPU 
Pre-access 

i.e. cpujtimeslots < totaijtimeslots 


4 or 6 cycles 


42-64 timeslots 


Each CPU + non-CPU access requires a 6 cycle 
timeslot 


Individual non-CPU timeslots take 4 cycles if 
current access and preceding access are both 
to shared read bus. 


Individual non-CPU timeslots take 3 cycles if 
current access and preceding access are both 
to shared read bus. 


Interleaved 

I.e. cpujtimeslots — 0 


4 cycles 


64 timeslots 


Timeslot rotation is faster by 1 cycle for each 
CPU, write access or interleaved read access 



20.1 0.4 Su b-timeslots 

Looking at the bandwidth requirements of the DIU requesters in Table 67, most DIU requesters require 
bandwidths of I bit/cycle or multiples thereof. However, some of the requestors require much lower band- 
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width. This suggests that some sub-timeslots of lower granularity than a nominal 1 bit/cycle should be 
defined. 

There will be 2 sub-timeslots of 4 and 8 slots each. The bandwidth associated with each individual sub-slot 
is nominally 0.25 and 0.125 bits/cycle respectively, assuming each slot last 4 cycles. Sub-timeslots can be 
allocated to any number of main timeslots so that any multiple of the individual sub-timeslot bandwidth 
can be obtained. 

Table 74. Sub-timeslot definition 




Each sub-slot pointer gets advanced each time it is accessed regardless if it slot is used or not 
Sub-timeslots are similar in all other ways to main timeslots i.e. 

• they can have preceding CPU accesses in a similar manner. 

• unused slots are decided by the same unused timeslot allocation mechanism (Section 20.10.5). 

• a timeslot lookahead pointer is used to select writes (except for CPU writes) early to compensate for 
write data transfer latency. 



current timeslot 
pointer 





tn 






n 


n+1 


n+2 








P 






1 ► 




J 









suMtimeslot 



sub3 timeslot 



Figure 82. Example sub-timeslot allocation 

An example sub-timeslot allocation is shown in Figure 82. 

Every time main timeslots m and n are accessed, the SoPEC unit pointed to by the pointer in sub4timeslot 
will win arbitration and the sub4timeslot pointer will advance. Similarly, every time main timeslots n+2 
andp are accessed, the SoPEC unit pointed to by the pointer in sub 3 timeslot will win arbitration and the 
sub3 timeslot pointer will advance. 

20.10.5 Allocating unused timeslots 

Unused slots are re-allocated on a two-level round-robin basis. This is best-effort traffic. 
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Each SoPEC requestor has two associated bits, RoundRobinLevel indicates whether it is in level 1 or level 
2 round-robin, and RoundRobinEnable indicates whether it is enabled or not in the selected round-robin. 

Table 75. Round-robin selection 



RoundRobinLevel = 0 


RoundRobinEnable = 0 


Not enabled 


RoundRobinEnable « 1 


Level 1 


RoundRobinLevel = 1 


RoundRobinEnable = 0 


Not enabled 


RoundRobinEnable = 1 


Level 2 



Separate read and write round-robin trees are needed, one for read accesses and one for write accesses. 

CDU write accesses cannot be included in the round-robin allocation for write as CDU accesses take 6 
cycles. The write accesses which the CDU write could otherwise replace require only 3 or 4 cycles. 
Robin-robin allocations do not have CPU p re-accesses. 

A pointer points to the current allocated unit in each of the round-robin levels. If the unit pointed to the 
level 1 round-robin is requesting then this unit wins the arbitration and the pointer is advanced If the unit 
pointed to in the level 1 round-robin is not requesting then the next units in the level 1 round-robin are 
examined When a requesting unit is found this unit wins the arbitration and the pointer advances to the 
next unit. If no unit is requesting then the pointer does not advance and the second level of round-robin is 
examined in the same way as first level of the round-robin. 



Table 76. Write round-robin registers bit order 







CPU<W) 


0 


SCB 


1 


SRJ(W) 


2 


DWU 


3 



20.10.6 Background refresh controller 

A background refresh controller should be implemented that will issue a refresh and pause the timeslot 
rotator in case data is about to be lost This scenario will only occur in the situation that insufficient 
timeslots were allocated for refresh. 
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20.11 Guidelines for programming the DIU 

Some guidelines for programming the DIU arbitration scheme are given in this section together with an 
example. 

20.1 1.1 Implementation pipeline latencies 

The number of allocated timeslots for each requester needs to take into account implementation pipeline 
latencies. The number of timeslots is made programmable. This means 1 or 2 timeslots can be removed to 
allow for implementation latency. Each timeslot will allow for 6 cycles implementation latency in CPU 
Pre-access mode and 3 cycles otherwise for each single timeslot allocation in a rotation.. If units are allo- 
cated more than 1 timeslot in a rotation then the gap between slots may need to be reduced additionally to 
allow for implementation latency. 

20.1 1.2 Ensuring sufficient DNC and PCU access 

PCU command reads from DRAM are exceptional events and should complete in as short a time as possi- 
ble. Similarly, we must ensure there is sufficient free bandwidth for DNC accesses e.g. when clusters of 
dead nozzles occur. In Table 67 DNC is allocated 3 times average bandwidth. PCU and DNC can also be 
allocated to the level 1 round-robin allocation for unused timeslots so that unused timeslot bandwidth is 
available to them. 

20.1 1 .3 Basing timeslot allocation on peak bandwidths 

Since the embedded DRAM provides sufficient bandwidth to use 1:1 compression rates for the CDU and 
LBD, it is possible to simplify the mam timeslot and sub -times lot allocation by basing the. allocation on 
peak bandwidths. The only variable in determining timeslot allocations then becomes the scale factor. 

If slot allocation is based on peak bandwidth requirements then DRAM access will be guaranteed to all 
SoPEC requesters. If we do not allocate slots for peak bandwidth requirements then we can also allow for 
the peaks deterministically by adding some cycles to the print line time. 

20.1 1 .4 Adjacent timeslot limitations 

All DIU requesters have state-machines which request and transfer the read or write data before requesting 
again. The time to perform this operation is greater than the time between adjacent timeslots. Therefore 
adjacent timeslots should not be assigned to a particular DIU requester because the requester will not be 
able to make use of all these slots. 

20.11.5 Line margin 

The SFU must output 1 bit/cycle to the HCU Since HCUNumDots may not be a multiple of 256 bits the 
last 256-bit DRAM word on the line can contain extra zeros. In this case, the SFU may not be able to pro- 
vide 1 bit/cycle to the HCU. This could lead to a stall by the SFU. This stall could then propagate if the 
margins being used by the HCU are not sufficient to hide it. The maximum stall can be estimated by the 
calculation: DRAM service period - X scale factor * dots used from last DRAM read for HCU line. 

Similarly, if the line length is not a multiple of 256-bits then e.g. the LLU could read data from DRAM 
which contains padded zeros. This could lead to a stall. This stall could then propagate if the page margins 
cannot hide it. 

A single addition of 256 cycles to the line length will suffice for all DIU requesters to mask these stalls. 
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20.11.6 Example DIU programming 

A full example to be worked out. 

Program MainTimesior and SubnTimeslot configuration registers (Table 82) for peak required bandwidth* 
of SoPEC Units according to the scale factor used for the document. 

Program unused slots to use the round-robin allocation to share unused slots between all DIU requesters. 
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20.12 CPU DRAM access performance 

This section does not yet reflect any implementation pipeline latencies. 

The CPU's share of the timeslots can be specified in terms of guaranteed bandwidth and average band- 
width allocations. 

The CPU's access rate to memory depends on 

• the CPU read access latency i.e. the time between the CPU making a request to the DIU and receiving 
the read data back from the DIU. 

• how often it can get access to DIU timeslots. 

Table 71 estimated the CPU read latency ignoring caching as 6 cycles. 

How often the CPU can get access to DIU timeslots depends on the access type. 



Table 77. CPU DRAM access performance 











CPU Pre-access 


6 cycles 


Lower bound (guaranteed 

bandwidth) is 

160 MHz / 6 = 26.27 MHz 


CPU can access every times lot 


Fractional CPU 
Pre-access 


6 cycles 


Lower bound (guaranteed 
bandwidth) is 
(160MHz*N/P) 


CPU accesses precede a fraction N of timeslots 

where N = C/T. 

C = cpujimeslots 

T = total jtimeslots 

P = (6*C+4*(T-C))/T 


Interleaved 


4 cycles 


See Section 20.12.1 


At SF « 6, 28 timeslots available for CPU. 
At SF - 4, 21 timeslots available for CPU. 



For CPU Pre-access and Fractional CPU Pre-access modes average and guranteed CPU bandwidth are 
equivalent since the CPU is limited to a certain fraction of timeslots. 

If the CPU runs out of its instruction cache then instruction fetch performance is only limited by the on- 
chip bus protocol. With a 2 cycle bus protocol (address cycle + data cycle) the performance would be 80 
MHz. 



20.12.1 CPU DRAM access performance with interleaved access mode 

Table 78 shows the guaranteed periodic CPU access with 4 cycle DRAM access and pclk - 160 MHz. 
Table 78. Guaranteed Periodic CPU access with 4 cycle timeslots and pclkzz 160 MHz 









Timeslots left for CPU 


28.25 


21.5 


Maximum wait for timesloi 


12 cycles 


12 cycles 


CPU rate 


13.3 MHz 


13.3 MHz 



Since timeslots are integral multiples of 4 cycles the maximum wait for a timeslot and hence minimum the 
CPU rate must reflect this. 
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Tabic 79 shows the average CPU access with 4 cycle DRAM access and pcik = 160 MHz. This will be a 
bursty access. 

Table 79. Average bursty CPU access with 4 cycle DRAM access and pc/fr- 160 MHz 









TimesJots left for CPU 




34.95 


30.8 


Maximum wait for timeslot 


8 cydes 


12 cycles 


CPU rate 


20 MHz 


13.3 MHz 



Interleaving of CPU and write accesses with shared read bus accesses will mean some of the timeslots will 
take 3 cycles rather than 4 cycles. This will mean that CPU slots will be available more frequently and 
higher CPU performance is attainable. 
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20.13 Implementation 

The DRAM Interface Unit (D2U) is partitioned into 2 logical blocks to facilitate design and verification. 

a. The DRAM Access Unit (DAU) which interfaces to the SoPEC DIU requesters. 

b. The DRAM Controller Unit (DCU) which accesses the embedded DRAM. 



SoPEC 


I 

I . 


Units 


I 
I 




I 
I 

I 



DRAM Access Unit (DAU) 




DRAM 


I 
I 


eDRAM 






Controller 


I 








Unit 










(DCU) 


I 
I 
I 





Figure 83. DIU Partition 

The basic principle in design of the DIU is to ensure that the eDRAM is accessed at its maximum rate 
while keeping the circuit latency for each access as low as possible. 

The DCU is designed to interface with single bank 20 Mbit IBM Cu-1 1 embedded DRAM performing 
random accesses every 3 cycles. Page mode write accesses, associated with the CDU, are also supported. 

The DAU is designed to support interleaved accesses allowing the DRAM to be accessed every 3 cycles 
where back-to-back accesses do not occur over the shared 64-bit read data bus. 
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20.1 3.1 Definition of DCU IO 



Table 80. DCU interface 







1 Z^jQpr 




Clocks and Resets 


pclk 


1 


In 


SoPEC Functional clock 


prst_n 


1 


In 


Active-tow, synchronous reset in pclk domain 


Inputs from DAU 


dau_dcu_cmdavail 


1 


In 


Signal indicating a DAU command is available i.e. 
dau_cmd_adr, dau_cmd_rwn and dau_cmd_refresh are valid. 


dau_dcu_cmdadrf21 :5J 


17 


In 


Signal indicating the address for the DRAM access. This is a 
256-bit aligned DRAM address. 


dau„dcu_cmdrwn 


1 


In 


Signal indicating the direction for the DRAM access (1=read, 
0=write). 


dau_dcu_cmd refresh 


1 


In 


Signal indicating that a refresh command is to be Issued. If 
asserted dau_cmd_adr and dau_cmd_rwn win be ignored. 


dau_dcu_wdata 


256 


In 


256-bit write data to DCU 


dau_dcu_wmask 


255 


In 


256-bit write data mask to DCU 


dau_dcu_wvafid 


17 


In 


SignaJ indicating valid write data and write mask. 


Outputs to DAU 


dcti_dau_cmdaccept 


1 


Out 


Signal indicating that the DCU has accepted a valid command 
from the DAU. 


dcu_dau_refreshcomplete 


1 


Out 


Signal indicating that the DCU has completed a refresh. 


dcu_dau_rdata 


256 


Out 


256-bit read data from DCU. 


d cu_dau_rrva Gd 


1 


Out 


Signal indicating valid read data on dcu^rdata. 


Outputs to DRAM 


i i 


Inputs from DRAM 


i i i 
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20.1 3.2 Definition of DAU IO 

Table 81. DAU interface 



Clocks and Resets 


pcfk 


1 


In 


SoPEC Functional dock 


prst_n 


1 


In 


Active-low, synchronous reset in pcfk domain j 


CPU Interface 


cpu_adrJ9:2) 


8 


In 


CPU address bus. 8 bits are required to decode the 
address space for this block 


cpu_dataout(31:0] 


32 


In 


Shared write data bus from the CPU 


diu_cpu_data{3 1 :0] 


32 


Out 


Configuration, status and debug read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_acode[1:0] 


2 


In 


CPU access code signals. 

cpu_acode[0] - Program (0) / Data (1) access 

cpu_acode[1] - User (0) / Supervisor (1) access 

The DAU will only allow supervisor mode accesses to data 

space. 


cpu__dju_sel 


1 


In 


Block select from the CPU. When cpu_diu_sel is high both 
cpu_addrand cpu_dataout are valid 


diu_cpu_rdy 


1 


Out 


Ready signal to the CPU. When diu^cpu_rdy is high it Indi- 
cates the last cycle of the access. For a write cycle this means 
cpu^dataout has been registered by the block and for a read 
cycle this means the data on diu_cpu_data is valid. 


diu_cpu_berr 


1 


Out 


Bus error signal to the CPU indicating an invalid access. 


DIU Read Interface to SoPEC Units 


<unit>_dlu_rreq 


1 


In 


SoPEC unit requests DRAM read. A read request must be 
accompanied by a valid read address. 


<unit>_diu_radr[21 ;5) 


17 


In 


Read address to DIU 

1 7 bits wide (256-bit aligned word). 


dtu_<unlt>_rack 


1 


Out 


Acknowledge from DIU that read request has been accepted 
and new read address can be placed on <unit> diu mdr 


dlu_dataJ63:0] 


64 


Out 


Data from DIU to SoPEC Units except CPU. 
First 64-bits is bits 63:0 of 256 bit word 
Second 64-blts is bits 127:64 of 256 bit word 
Third 64-bfts is bits 1 91 :1 28 of 256 bit word 
Fourth 64-bits is bits 255:192 of 256 bit word 


dram_cpu_data[255:0] 


256 


Out 


256-bit data from ORAM to CPU. 


diu_<unit>_rvalid 


1. 


Out 


Signal from DIU telling SoPEC Unit that valid read data is on 
the diu_data bus 


DIU Write Interface to SoPEC Units 


<unit>__diu_wrec 


1 


In 


SoPEC unit requests DRAM write. A write request must be 
accompanied by a valid write address. 


<unit>_diu_wadr(21 :5] 


17 


In 


Write address to DIU except CPU, CDU 
1 7 bits wide (256-bit aligned word) 


cpu_adr(2l:0] 


22 


In 


CPU Write address to DIU 

22 bits wide (8-blt aligned word) 

Addresses cannot cross a 256-bit word DRAM boundary. 
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Table 98. CDU registers 



0x64 



JpgDecTData 



0x68 



0x6C 



JpgOecPVatue 



JpgOecStatus 



13 0x0000 



0x0000 



OxOO^OCOO 



13 - TSOS w^tofC^e^^^^^^™ 
put byte of the first 8x8 btodc of the test data 

IVJ? °^ 0utput ° f CS1650 ' first out- 
put byte of each 8x8 block of test data 

11-0-1 l-bil output test data port - displays OCT 



22.5.3 



J 



Decoding parameter bus which enables various 
parameters used by the core to be read. The data 
available on the PValue port Is tor information only 
and does not contain control signals for the decoder 

£S '!^S'^- Sta " (iiset ' ** <he JPEG 

haHbtock double-buffers of the COU are full) 

ESSST °°" "* b asserted — " ^ 

Bite19-16 - /ifo_contettts (FIFO at input of JPEG 
decoder core) 

^oJ~° are JPEG decoder status outputs from the 
CS61S0 (see Table 100 for description^ hi™ 



Typical operation 

The CDU should only be started after the CFU has been started 

/Lines. Users then set the CDU's Go hiV^^^'Z, -JV . Bu MndBlockAdr and NumBuf- 

for the band has finished Sta* i^fSTTTS!^ ^ When * e eontone dX 

indicating that the n^ry^S^Af^*^ "ST? ^ * S<5nt l ° * e PCU *° d C ™ 
band of eontone data. 'atea witn the first band IS now free. Processing can now start on the next 

for restarting the CDU r^etwIenbanS 8 to NactB ^^le. There are 4 mechanisms 

"c^^ «U have set its DoneBand bit The 

rent band AtSel^^ bit before the end of the cur- 

SS'^^t S£f S^***-' triggers the PCU to execute commands from 

the next band ThTadvanl^Si^hl ^f^'' bit 4 ° Start * e CDU P roc€s ^g 
^-eandstoremebt^^^ 

* NmBandCu ^ En ^ dr ^^extBandValidBytesLastFetch 
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22.5.4 Read control unit 



already ., the CDF^p^e^ 

cdujinishedband tri«crs thi P CUtTlfT ^J 1 *^- Simultaneously, 
-started by the timXrcU h^ ft 22lZTTt ^ DRAM " ^ CE *> will have 

s-*cc D ^ne*t^ ds ^^^ 

»ng again. An interrupt is sent to the CPU byTsSZ X ^ * bcfore decod- 

rese, by means of a write to its Reset Z^i^^^Z^ ** ^ * 



by means of the state machine described in Figure 101 " * DRAM fa P>«n«ted 



rordTrrati^ 

it whether to attempt to readab^cf^ 

does nothing. When DoneBand is c.ej ^s^tetac^conS^r.^^ " State machine 

up to 256-bits at a rime while there is "V" to load data mto the JPEG input FIFO 

knowledge about numbers oTbl^or n^^ ' ^ FU?a Note state "^ainc has no 

by consecutive reads from 5^£1^££SS? " " kee P s *• input HFO fidl 

at^atthepeakDRAMreadband^^ 

"J r^eTS^ 2 > ™ A ? e 6 ?23?*- " 3 ^56-bit read access. It is 
^_«fe^vr/W being as^rted ^^^i ^ ^ fa indicated by 

end_of_bandstore: currjou^adr is compared to both end_source_*dr and 

^emmaimng^itvaluesm^ 

whether cu/rjomJWr ^eZ^fnPf^ ^ 01 ^^u^adr + l, depending on 
FIFO is 0. qUalS '^ofjxuulstore. The end_of_band control signal sent to the 

cwrrjowt*.^ is output to the DIU as cdu_diu_radr. 

incremented. Y g " /oWV ' ***fif°-comentsp:0] *ndfif o _wr_adr(2:0] are both 

data from the FIFO. Note i, is Z poSol" 2 V^lSSZZf**"? ^ * " t0 ™™ 
«ter to 1 . In this case data is sent L^y ^^T^oZ ZTu^ ^v? 6 *" 8 
decoder is riot stalled Qpg_core stall ZlT^ to the half-block double-buffer. While the JPEG 
a byte of data is ~nsST^ ^JpgJ^rt m 
next byte. The read address is byte aligned^ e Ic^oef^ 1 '° J " *^ inCTemented «> ^ect the 
^ ' 010 3 blts ^ «P"t as the read address for the FIFO 
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^^^^^^^^^^ 



Reset OR p^t n — Q 
ccfu_dju_rTO^ b 0 
ignore_Jdaia « 0 

( reset J 



cdujdiujrreq = o 
Jgnore_data « 0 



cdu_dtu_rreq * O 
Ignoro_data - 0 



< 



idle 



< 



> 



fittagj AMI? 

DonaBanrt , 



odu_dlu_rreq « 0 
tonoro_data -o 



req 



fife conffffiK <~ (nin fttin-.D 



cdu_diu_neq » t 
frnore_data ■ 0 



Q ack ^) 



<: 



jjjij BC& — T 



cdu_<fiu_rreq = 0 
we_data«0 



fcurr sour™ gdrr^ fpifnt^ 
find gpyrnff mtr 



cdu_cfiu_rreq - 0 
fcnofe_<teta «= 1 



read 



> 



Figure 101. State machine to read compressed contone data 



22.5.5 Compressed contone FIFO 



5? ^^S^rSiSr 1 6 , 5 ; bitS 7*,°° aCCOmm ° d - e 256-bit accesses), 
ten to the FIF^S al SjT/^ i « " e " d -°f- bandR *&- Whenever 64-bit data is writ- 

end^of band b* isTif Ss Se^l^ f ^ 8 '! 4,50 p3SSed 1x1 ^ ** control unit The 
When end cf VJl\ ^ n TJZTi^^ band ' ^ 0 if h is not the ^ transfer, 

sion of the same 8 mpUt « ^ ^WfytesLastFetch register is also copied to an image ver- 

SertSe^ 

^tobits.-O.sccondb.etobi.iS-^^^^^ 
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FIFO (« „ rim^, dw5L kSTli^ coMone data to, ^ ^, ^J™ 

22.5.6 CS6150 JPEG decoder 

f -^'^ cs 61 so 

the CS6150 JPEG decoder core can run at I85^H,1 n u ^ MHz " < A,n P , *» ^e stated that 

which a gated version of the JSmToct ISfSi^S" ^ The 0016 * byy ctt 

JPEG decoder on a single e«Jp£^SSt£tt5£ 2£ ST"? 3 meChanism for ^4 the 
the PixOutEnab input to the JPEG decod^ fZ, ?1 °^ the , flow of output data is also provided by 

block boundary Z is insuffidenffo^EC ^atW °?£ Tt ^ ° f OUtpU <* a 
instead tied high. ^ gatu * of «««* " employed and PixOutEnab is 

ltngth « His is . moJiliLioBio Ae^r ""^ " """•'* of ° 1<> "' «* «»« 

TlK follow!* „. by which ^ J() ^ be ^ ^ 

22.5. 6. 1 JPEG decoder parameter bus 

mines which interna! parametmTSuS on £f ™ ^ J*" SCleCt ° r ^ C^ecPTJpe) deter- 
the PJU. port does n'ot •JK^Sfi^ K^SSS? ^ ^ ^ ^ ° D 



Table 99. Parameter bus definitions 




FY: number of fines in frame 



fX' number of column s in frame 
YMCU: number of MCUs in Y direction of (he c urr^« 
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Table 99. Parameter bus definitions 




0x4 



0x5 



0O_XMCU[13:0J 



Cs0f7:0LTq0(1 :01_VOf2:01 
^H0[2:0] 



0x6 



0x8 



0x9 



OxA 



Cs1[7:0LT<j1(1:OJ_V1(2;0] 
_H1(2:0] 



Cs2[7:0LTq2[1 :Q}_ V2f2:0] 
_H2{2:0] 



Cs3t7:0l_Tq3[1 :01.V3[2:0] 
_H3(2:0] 



CsH[15:0] 



CsV[15:0j 



ORi[15:0] 



000_HMAXf2:0LVMAX(2: 
OL MCUBLKf3:0LNS[2:0J 



XMCO: number of MCUs In X ^r^o^elrrlnt^ 



CsO: IdenUfier for the first scan component 
TqO: quantization table identifier for the first scan compc- 

VaiJ^T^" 9 faCt0f f ° r SCan ^^^nt. 

HO: horizontal sampling factor for the first scan compo- 
nent. Values = 1-4 



Cs1. Tqt, V1 and H1 for the second scan component 
VI. H1 undefined if NS<2 



Cs2. Tq2. V2 and H2 for the second scan component 
V2, H2 undefined cf NS<3 



Cs3. iq 3 . V3 and H3 for the second scan component " 
V3, H3 undefined if NS<4 



CsH: no. of rows in current scan 



CsV: no. of columns in current scan 



OR!: restart interval 



HMAX: maximal horizontal sampling factor in frame 

T"™! Vertica! **» in frame 

J^BIK : number of blocks per MCU of the current scan, 



2Z5.6.2 JPEG decoder status register 

sent to the CPU by asserting cdu i^TZZ^T^ »e JPEG decoder xs suspended and an interrupt is 

the JpgDecStatus register The CSfil «S, ° 0311 ChCck the Mlllce ofthc error by reading 

pnj« by asoftSTf 2fcSJ SiTSSS Sl^T** by *■ ^ ~ 

high to indicate an error condition as ^f^Z^m ^ " ™° * 3,1(1 

o^Sf^™ 

is required from the user. If any ofme1rfh^™~ «*e start of the next image and so no intervention 
ceUation, the core will ^S^Z^^^^^^^^^^ 
more errors. 5 ^ Ut ( SOJ ) without triggering any 

^;S; fthC ^ bC m0nit ° red ^ ° bSCIVi ° g *• ^ * ™* DecInPro g 



rSSc !°°: dec0der status re Q <ster ^finltions 
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Table 100. jpeg decoder status register definitions 



CdEnor 



IDctfnProg 



OeclnProg 



Set when an Ml SOF parameter or an «n^dSOTp«ZtorhII^ 



Set when anything other than a JPEG marker is input 
Set when any of DecFlags[6:4J are seL 

Set when any data other than the SOI marker is detected at the start of a stream 

any SOF marker is detected other than SOF0. Set if Incomotete Huff 
man or quantization definition is detected. incomplete Huff- 



^fSs^^ 9 jt^r erted afU,r 0,6 8,9803 (Start of Scan Segment}" 
ojyiidi nas oeen output from the ©ore and is de-assArtaH «. u JT . 

scan is connate. It indicates mat the ^t^^T^Z ° f » 




22.5.7 Half-block buffer interface 



to stall the JPEG decoder core « taTutTon " ^TOotlo!^ ^ ^ " to be able 

pixel). We provide a mechanism for staS fce JMcfS^ ^ 32 pbcels < 8 bits P er 

Jpg-core^tan is 1. The half-bloc SCSldta * ^ ** to ^ when 
half JPEG blocks to decouple JPEG dZ^l^ZS ^Providing a set of double buffered 

DRAM (write control S SL^omin^t^ (rcad control unit) from writing those JPEG blocks to 
only a single color P^bIZ^Z ^^T^ ** *** °" * * *» 



jpQ_core_stflH <4 



Jcflc_enabie 



pixal_data 




hatLWock_ok_to_read 



cdu_<J j u_da ta(63: 0] 



Figure 102. Block diagram of half-block buffer Interface 
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22. 5.7.1 Half -block buffer select unit 



this case, each buffer is a half JPEG ^U^^^TJZ^ " *" **" ^ * b 

angle bit (mt^ for the cunei bSL mat ^ . 11,31 »" ^ occur fiom, and a 
halfJ>lock_ok_to_read equals bu/avaHM ™ * ° CCUr ^ 7116 out P ut value 

the production of pixels. The dock gating t prto^nto^JTV™ " 8316(1 ° ff 80 88 10 st0 P 
output from the CDU. When jj enaVll U M l^S ^,5^^^ f^ 1 of 

i s the inverse ot jpLcon JuM). ' PC/ * ^ is 0, jfeft is 0 

? - **r* inverted, 

mented whenever out valid iT 1 Z ^Tlf -T . . fr ° m * e JPEG d ^oder core. It is incre- 
pixel_count[4:0] is 3l t travail fwr Z^^^ J^Vl I ^J**»*^ ^ ™*» 
pix_out_yalid ANDcd with^c m^'S^Z^Zt ^e2^ 7 ^output v^e* equals 
ANDed with <arfv. JPg_corc_staII. The output rd^en equals halfj>lock_ok_to_n>ad 

22.5.7.2 Contone plane buffer 

Each contone plane buffer consists of two half IP Fn ki^u u. «■ 

ure 103. ° nalf block buffers as shown in block diagram form in Fig- 



«U>uff_ 



rd_en_ 



wr_buff. 
wr_en' 



P«eLdata. 



Lifl> 



pteeldata 



JPEG 
half-Woe* buffer 0 



rd en 



pixel data , 



JPEG 
hatf-ttock buffer 1 




-> odu_tffij_<Jata(63 .0] 



Figure 103. Contone plane buffer Interface 

^^^^^.i^l^l^ and a stnal, amount of combinatoria. 

1-ted at the first shift S^lZS^^^?^*? 2KT '? * ?" * ^ Data is C ° l - 
.sterm^bit^itie, Data isreadfrL the ^S^^SS^S^X^Xr 
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22.5.8 Write control unit 



J3 



^S^m^^^SSSTi^" DRAM * fc 



4 line 



ORAM word p 
DRAM word p+4 f 



DRAM 



JPEG Nock 0 
fines 0 to 3 



JPEG Woe* 1 
Unas 0 to 3 



4 line 



ORAM ward p+4n 
* 
« 

— DRAM word q 
ORAM word q+4 



ORAM word q+4n 



JPEGWockn 
Ones 0 to 3 



JPEG block 0 
Ones 4 to 7 



JPEG btock 1 
fines 4 to 7 



JPEG btock n 
fines 4 to 7 





\U) i c 


•LO i C 


63 0 
LO i CfLO 




LI i Ci 
1 — j 


Li i C 


LI I c|u 




L2 I C 


L2 I C 


L2 t ciu 


C3L3 i C2 


!L3 l CI 


L3 I C0L3 



word p 
word p+1 
wordp+2 
wo/dp+3 



255 



191 



127 




* 1^1n 4 r^n b » aT? 65 to «^ecuttve 

words In one ORAM row, fora single 
COU access to DRAM * 

CX - Color X 

LY - Une Y or 8 bytes of a fine In a JPEG block 



Figu« 104. ORAM „ mnmM ,„ , ^ „„. „, Jre<J ^ 4 ^ 

v * 0i « oj-q, line 3 in word p+3 bits 63-0 

block coior sz: t: vor z q bits 63 -°- 5 *■ — wu 63-o 

ixne 6 x„ word <, +2 bi ta 63-0. li ne 7 in word Q+ 3 bits 63-0 

w~ .. «- , u. . £ a _ ^ 

x^/ 64, line 3 in word p+3 bits 127-64 

— .. — , . , s _ a w _ 

<J * Dits 127-64, line 7 in word q+3 bits 127-64, 
repeat for block 0 color 2, block 0 color 3 

etc. 



in 

as 
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the individual bit write inpuS of the D S WhlCh should not * written are maSi^n j 

only 64 bits out of the 2 Zbit access to^l'J? TT" 8 deCQm P™** «>ntone data froTuTSu 
by the DIU. Tins means thai "L^e" mpre^como^^ *' bitS ° f * e '"K S 

-^accesses to4con^^^ 

block to DRAM. Once the half-block buffe^nltS^ • hether to to write a half JPEG 

requests a write access to DRAM by^s^Z^ T a f JPEG block, the state nuS 
mg to the first 64-bit value tobe writt^n^^ J and P rov ^8 the write address wrre^3 

access of 4x64 bits is E?£ £ Sb "l£ fe£S* "? « hta » * e 

fourth 64-bit values). The stateLcb^e 4enwa£ to^eiT™ 6 2° for * e secon * ^ and 

mg a read of 4 64-bit values from the JCSnTS "Pledge from the DIU before iniS 
put cdu_diu_wvalid is asserted in the cycle after S „1T ^ by for 4 ^les. The out- 

^"-^ bus and should be Jnen^e^fi^^ * ^ DIU valid data is p^on 
« then sent to the half-block buffer interface to SSSt£^ mDMM - Ani ~^'/Jlock P ulsl 
should now be available to be written to agaS TlZ^Z^?™* ^ ^ «*d and 
The pseudocode below <h«™ ■, to retums to *e request state, 

and SX^^^S^^^ °* * "~ <*** ^c.e basis. Note counters 

cleared and IvrJuOfblock S^t^SSTT^ ^ m 0 to 1 ^ counters and flags snoTd Z 
buff^t a rt_adr + max _ blcKk+ Wth W-Vart^dr and upr_hal/block_adr gete loadeTwith 

if (half i) then 
// update half, color, block ,„h 

write access 

if (half *= i) then 
half = o 

if (color *= max^piane) then 
color * 0 

if (block == max_block) then 

pulse wradvSline Gnd ° f writin «T * line of jpeg blocks 

block = o 

el3if (upr.halfblock adr £o"cf ~*-"°<* ♦ i 

eia «Pr_halfblock_«dx - buff^rS: ° = f - end -«<^> then 
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else Upr - halfMoc *- a <* = upr.halfblock_.dr ♦ ™x_block ♦ 2 
block 

eiae up^ubaoc^r „ „ to addrese £or 4 ? ^ ^ 

color ♦ ♦ 

else 

half =1 

if (color == max_plane) then 

H (block =. n^block, then „ ^ o£ „ iti „ g a Xlaa of jpEG 

elsJrT^^ 1 ?^^ * bu "-"«"^ ♦ ™«_block * 1 
exsif Uwr_halfblock_ J adr + maxblock ♦ l -= ^ m .« ^ 

lwr_h_lfblock_adr « buff^t^L then 
else 

lwr_halfblock_adr = lwr_halfblock_ a <lr ♦ m^block + 2 



else 

lwr_hal f block_adr 



// move to address for lines 0-3 for next block 
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Reset OR prctf n ,^ ff 
cdu_dtu_wreq = 0 
cdu_d/u_wvafid = 0 
rd_adv e 0 
rd_adv_haff_Wock « 0 

I reset 1 



cdu_<flu_wreq - 
cdu_dfu_wvaDd 

fd_adv_halfJ*x*«o 



raBd ■» o 

-0 % 



idie 



c 



3 



cdu_diu_wreq e o 
cdu_diu_wvaJrf c. 0 
«j_adv m o 

rtL«Ar_halL0ock « 0 



req 



c 



> 



raff Work ofr to j 
cdu_dlu_wreq * 1 
odu_jcftu_wvaud » o 
rd_adv » o 



ack 



3 



c 



odu_diu_wreq » o 
CdiJ_diu_wvaljd - 0 
rd_adv*» <\ 

rl.acfv_haJLblocko< 



read 



c 



:> 



cdu_dlu_wreq « 0 
odu_diu_wva[jd c 1 
rd_adv« 1 

nd_adv_ha«LblockoO 



write 1 



c 



write2 



c 



3 

CC(u_dJu_wreq « 0 
cdu^dlu^wvafid - 1 
*d_adv « 1 

rtf^adv_haHLbtock. 



cdu_dlu_*req «= 0 
cdu_jdiu_wvaHd « t 
rd_adv = i 

nJ_adv_harf_N(x*= 1 



write3 



cdu_dlu_wreq e o 
cdu_diu_wval5d « i 
nJ_adv m o 

<_adv_haif_wo<* «= o 



cdu_diu_wreq « 0 
odu_dtu_%vvaJid » o 
fd_acfv = 0 
nd_adv_hatf_Mock » 
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22.5.9 Contone line store interface 

•me contone ^^^f^^l^^^ ^ *« '^-tune 

write to. Thus the size of the line " oreio i dSS^ST^ *f *?* T' 1x50011165 frec for 4116 C °U to 
line store interface is 8 lines, a su^bS ttemTt? 6 f 4 S * c of * e 

scheme while 16 lines provid^ S£ s Lt e ^ « 12 ,ineS for a 15 «»«* 

set to the value of*™ fo/r /Z l rX ' ; G ° trans . lt,ons from Oto h numjines_avail is 
available for 8 lines, ^7^^^^^^ * ™ te to DRAM - long as there is space 
writing 8 lines, the write •^Ttif^CSiSSSr^"^ 4,16 CDU ^ ^ed 

CFU, and /»«m_/i>,«_«v fl // is decrement^ bv 8 'S? J5 ntone V° e * ore tetcrf ^ «™1 ™e 
''^~-**-*,_,^etobe^^ * !° nfro1 unit wai * 

priately, and sends its own rdadvl^JZ to uT e ?S3?^1 nwdW/faepute appro- 
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23 Contone FIFO Unit (CFU) 



23.1 Overview 



^SSSirf W ; f T rCadiDg *• d ~<-P—< intone data layer from the 
color inversion * ^A^S^i^T^ ^ ^ t0 RGB f ° U0WCd ^ S£ 
formed in the horial J v^cT^ot b y £££ ^i!^ ^ ° f *» b 

printer resolution. Non-integer scalmir T^Z^i ? ° UtpUt to *■* HCU "itches the 

23.2 Bandwidth requirements 

.^^X^HCa" 006 ^ fr ° m DRAM ^ ^ - - at w*ch the contone data 

E^rJlSS ^SSSST ^ » ^ X *«* » - V scale 
(iirection is performed at the ouju. fcfSSu on^!~n h„ 7?"? 'Vf ° ^ Rc P lica *<» » the X 
don is performed by the CFU rSn^ et ^ a ntunot'o , 2"! ^ in *- Y ««- 

DRAM. The HCU generates 1 dot 0>f-Welin 6 cn^Tw T ' f cc , ordm 8 to * e Y-scale factor, from 
1 side per 2 seconds for full Weed A^S ormSl ^ rST ^ * a P rint ^ <> f 

color contone pixel (32 bits) evcn/sF^^ buffer needs t0 bc ^PP 1 ^ a 4 

from DRAM at 5.33 bits/cycle' ^ fW 4 001015 at 267 PP 1 ' rae CFU ™ read data 



23.3 Color space conversion 



and K, d irec tly represent by cSc TWot c^™^' *" H V, 

multi-SoPEC printing with exact colore. * repreSen£ go,d - S™* 



etc. for 



^^^^11^ visible quality when luminance and chrominance 
luminance infoSon rSL totZS' be luminance, but C, M and Y each contain 
f°~-mea^^ 

to CMY. P«=ssion, me YCrCb data is obtained, then color converted to RGB. and finally back 



The external RIP provides conversion from RGB to YCrCb <n~ifi,.»n„ ♦ . , « 
•mplementation of the inverse transform within SoPEC asper S^r^T hardware 
are normalized to occupy all 256 levels of an 8-bit buSy^d^ ' j ^ Cr and Cb 

The CFU provides the translation to either RGB or CMY ROR ic a a ■ 



I. 32 bits / 6 cycles - 5.33 bits/cycle 
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^TXX? ^ " 4116 C ° l0r - 0^ of: 

l color plane, no color space conversion 

• 2 color planes, no color space conversion 

• 3 color planes, no color space conversion 

• 3 color planes YCrCb, conversion to RGB 

• 4 color planes, no color space converaion 

• 4 ^tepta, YCiCbX, com^a of YOO, „ RGB, «, cotor co^o. „ f X 

23.4 Color space inversion 

*^SSS=f525^ ^optional bit. wis e Aversion 

may be used to provide plana? correlation ^S^SiT^ * ^ or » 

The^RGB to CMY conversion is given by the relationship: 

• M = 255-G 

• Y-255-B 

Th^re^hips require the page RIP to calculate the RGB from CMY as follows: 

• G-255-M 

• B=255-Y 

23.5 SCAUNG 

sented by a numerators a ^S^tS^SSZ T£T\ Tt^ t * ^ ^ f ^<*V 
should be greater than or equal to ZXonS^T 8 , P ^ 15 ^ i.e. the numerator 
the numerator is programmed J°5 t^EESS * 8 W ° f ^ - « 

Scaling is implemented using a counter as described in th> j , , 

ated to move to the next dot (x-scalmg)o^ SfrSjJJ beloW - ^ pulse is gener- 

if (count ♦ denominator - numerator >= 0 ) then 
count = count ♦ denominator - numerator 
advance = 1 
else 

count = count ♦ denominator 
advance = 0 
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23.6 Lead-in and lead-out clipping 

P--This P adding ( ex P ^ 

^?Tc^ 

side of the page and shown Sure 106 S ° PEC * 2 C ° ntr0,s of the ri^h 

not fall on a ?pixel (^Woc^il^^ ° b ^ onTlL^ ^ 2 SoPECs 
block n below) will be the last JPEG blockfo fXSl c &f boundary of the 2 SoPECs (JPEG 
line printed by SoPEC #Z Jto^S^^S^^^ "lock in the 
ately setting the LeadOutClipNum Pixels inft^JPpSin^f^ ^ 1 Ignored * a PP ro Pri- 
at the beginning of each line The numb* o" P telfto^n^ *S ^ * 2 muSt ^ fc™* 
UadlnClipNum register. P t0 lgnored at start of each line is specified by the 

It may also be the case that the CDU writes n>c/- vt . . . 

as shown for SoPEC #2 below tothiTSS T ZZ ^t^T " rc<Juired ,0 read by the CFU, 
spond to JPEG block m bu foTfhfl »/ <>f the register in the CDU is set to cone- 

block m-l. Thus JPEG l^TZ^tiX^r^ mtheCFUiS ~ » «-«Pond to JPEG 



SoPEC #1 
teaoMn area 



SoPEC #2 SoPEC #1 
Jeadnn area , lead-out area 



SoPEC #2 
lead-out area 




SoPEC #1 prints left 
side of page 



SoPEC #2 prints right 
side of page 



Figure 106. Lead-in and lead-out clipping of contone data «n multl-SoPEC environment 

^^Z^^T^T^T^ « ~W UP - the printer's resolution. The 
Length register defines m eTiofte^ vT^JT*^ Xst< V CoUnt HcuLine- 
trols the scalingof the last valTd £5 SK ^ " reS ° lUti ° n ^ ^ 
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23.7 Implementation 

Figure 107 shows a block diagram of the CFU. 



DRAM interface Unit 



I 







decomp 
conton< 


ressed 
3 buffer 




2, wrjHjft rd puff 



17 



wr_en, rd_en 



Y-scaimg 
control unit 



^32 



8 



YCfCb2RGB 



K Cb Cr 

color space converter . , 

cp3 cp2 _cpj^ cpO < ^"-^'-ptene 



8 



6 



8 



7f AAA ' 



'8 



I 
13/ 



1 

15> 



15 



configuration 
registers 



8 



.'32 



I' 



output 
double-buffer 



^ ^ wr_buft fd_txrff 
wCen. rd_en 



I6vj 

E 
c 



8 / 



* * ± ± t t 



3/ 







• ,r 


^ MneQ ok 


► 

to read 


con tone 
fine store 
interface 





X-scafing 
control unit 



,'32 



,'8 



Contone 
FIFO Unit 



9 



a i 



Halftone/Compositor Unit 



1 



PEP Controller Unit 



Figure 107. Block diagram of CFU 
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23.7.1 Definitions of I/O 

Table 101. CRJ port list and description 




Clocks and reset 



prst_n 



PCU Interface 



pcu_cfir_sel 



pcu_rwn 



pcu_adr{6:2) 



<*u-pco_data(3 1:0] 
DIU Interface 



cfu_dtu_rreq 



cfu,dlu_radr(21^3 



cfu_cdu_rdadvfine 



HCU interface 



hcu_cftj_advdot 



cfu_hcu_avail 



cfu_hcu_c0data[7:0] 



cfu _hcu_d datap.-Q] 



cfu_hcu_c2data[7:Q] 



cfu_hcu_c3data[7:0J 



In 



In 



In 



In 



Oat 



Block select from the PCU. When pcu_cfu_sef is high both 
pcu^aarand pcu^dataout are valid. 



Common read/not-write signal from the PCU. 



PCU address bus. Only 5 bits are required to decode the 
address space lor this block. 



£S2£SJ" * T CU When «• high it indicates 

^ ^ of acc€SS - *>' a write cycfe this means 
m Moot has been registered by the block and for a read 
cyde this means the data on cfu _pcu_data is valid. 



32 I Om Read data bus to the PCU. 



17 



64 



Out 



In 



In 



CFU read request, active high. A read request must be accom ~ 
panted by a valid read address. 



Acknowledge from DIU. active high. Indicates that a read 
request has been accepted and the new read address can be 
placed on the address bus. cfujdlu_radr. 



CPU read address. 17 bits wide (256-bit aligned word). 



Read data valid, active high. Indicates that valid read data is" 
now on the read data bus. diu_data. 



Read data from ORAM. 



In 



Out 



Write diine pulse, active high. Indicates that the COU has fin- 
ished writing to 8 Dnes of decompressed contone data to the dr- 
cuter buffer In DRAM and the data is available to be read by the 



Read fine pulse, active high. Indicates that the CFU has finished 
reading a line of decompressed contone data to the circular 
buffer in DRAM and that Dne of the buffer is now free 



In 



Out 



Out 



Out 



Out 



Out 



Informs the CFU that the HCU has captured the pixel data on 
cfc_hcu_c[0-3]data fines and the CFU can now place the next 
pixel on the data lines. 



Indicates valid data present on cfu_hcu_c(0-3)data fines. 



Pixel of data in contone plane 0. 



Pixel of data in contone plane 1 . 



Pixel of data in contone plane 2. 



Pixel of data in contone plane 3. 
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23.7.2 Configuration registers 

The configuration registers in the CFU are programmed via the ppt r ir,*~r,~ d r 



Table 102. CFU registers 




snnw registers 



0x00 
0x04 



Reset 



Go 



0x1 



0x0 



A write to this register causes a reset of the CFU. 



. Writing 1 to this register starts the CFU. Writing 0 to this 
register halts the CFU. 

When Go is deasserted the state-machines go to their 
idle states but all counters and configuration registers 
keep their values. 

When Go fs asserted aH counters are reset, but configu- 
ration registers keep their values (I.e. they dont net 
reset). 

The CFU must be started before the COU is started 
This register can be read to determine rf the CFU is run- 
ning 

(1 - running, 0 - stopped). 



0x14 



0x18 



OxIC 



0x20 



MaxBtock 



BuffStartAdr 



BuffEndAdr 



4LineOffset 



YCrCb2RGB 



13 



15 



15 



13 



0x000 



0x0000 



0x0000 



0x0000 



0x0 



Number of JPEG MCUs (or JPEG block equivalents. i.e 
8x8 bytes) in a fine- 1, 



Points to the start of the decompressed contone circular 
buffer in DRAM, aligned to a half JPEG block boundary 
A half JPEG block consists of 4 words of 256-bfts 
enough to hold 32 contone pixels in 4 colors, i.e. half a 
JPEG block. 



Points to the end of the decompressed contone circular 
buffer in ORAM, aligned to a half JPEG block boundary 
(address is inclusive). 

A half JPEG block consists of 4 words of 256-bits 
enough to hold 32 contone pixels in 4 colors, i.e. half a 
JPEG block. 



Defines the offset between the start of one 4 line store to 
the start of the next 4 line store. In Figure 108 on 
page 294. if BufStartAdr corresponds to line 0 block 0 
then BuffStartAdr* 4UneOffs9t corresponds to line 4 
block 0. 

This register is required in addition to MaxBtock as the 
number of JPEG blocks in a line required by the CFU 
may be different from the number of JPEG blocks In a 
line written by the COU. 



Set this bit to enable conversion from YCrCb to RGB. 
Should not be changed between bands. 
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Table 102. CFU registers 



0x24 



0x28 



InvertCoforPlane 4 



0x2C 



0x30 



0x38 



0x44 



HcuUneLength 



LeadlnCfipNum 



LeadOutCfipNum 3 



16 



0x0 



0x0000 



bitO - 1 invert color plane 0 

- 0 do not convert 
blt1 - 1 Invert color plane 1 

- 0 do not convert 
blt2 - 1 invert color plane 2 

- 0 do not convert 
bit3 - 1 invert color plane 3 
Shoufcj not be changed between bands. 



Number of con tone pixels - 1 in a line (after scaling). 
Equals the number of hcu_cfu_dotadv pulses - 1 
received from the HCU for each line of contone data 



XscaleNum 



YscaleOenom 



Number of contone pixels to be Ignored at the start of a 
fine (from JPEG block 0 in a line). They are not passed to 
the output buffer to be scaled in the X dJre^n 



Number of contone pixels to be Ignored at the end of a 
line (from JPEG block MaxBtockln a fine). They are not 
passed to the output buffer to be scaled in the X direc- 
toon. 



0x00 



0x01 



Value to be loaded at the start of every fine Into the coun- 
ter used for scaling in the X direction. Used to control the 
scaling of the first pixel in a line to be sent to the HCU 
The value will typically be zero, except in the case where 
a number of dots are clipped on the lead in to a line. 



23.7.3 



Storage of decompressed contone data in ORAM 

The CFU reads decompressed contone data from DRAM in single 256-bit accesses JPEG hlnrVc nf 
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4 line 
store 



ORAM word p 
DRAM word p+4 



DRAM 



4 line 
store 



ORAM word p+4n 
— ORAM word q 
DRAM word 0+4 



ORAM word q+4n 



JPEGbtockO 
lines 0 to 3 



JPEG block 1 
lines 0 to 3 



JPEG block n 
fines 0 to 3 



JPEG block 0 
0nes4to7 



JPEG block 1 
fines4to7 



JPEG Woe* n 
lines 4 to 7 



255 



191 



C3L0 l 
h 


C2L0 1 


C1L0 1 


COLO 


C3Jj1 l 


C2L1 1 


CiLI 1 


C0L1 


C3Jj2 1 


C2L2 i 


C1L2 1 


C0L2 


C3^3-L 


-C2Ul 


C1L3 | 


•JC0L3 



word p 
wordp+1 
wordp+2 
wordp+3 • 



253 



55 191 127 63 
C3fr4l C2LA 1 r. V * , 



03^ i C2LS i C1LS 1 Coir 



C3fr6 1 C2L6 1 OILS 1 rsni ft 
C3^7 1 C2L7 1 C1L7 1 npL7 



word q 
word q+1 
word q^2 
word q+3 



Implies one 25a bit read of a word ki DRAM 



CX-CoJorX 

LY - Un© Y or 8 bytes of a line in a JPEG block 



Figure 108. ORAM storage arrangement for a single line of JPEG blocks in 4 colors 

sequence, as shown in Figure 108, is 



The CFU reads data line at a time in 4 colors from DRAM. The read 
3S follows: 



line 0, block 0 in word p of DRAM 
line 0, block l in word p+4 of DRAM 

line 0, block n in word p+4n of DRAM 

(repeat to read line a number of times according to scale factor) 

line 1, block 0 in word p+1 of DRAM 
line 1, block 1 in word p+5 of DRAM 
etc 



23.7,4 Decompressed contone buffer 
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23.7.5 Y-scaling control unit 

DRAM in single 256-blt accuses, teieivtoe ft °S J^JSi^TT? daU " *~ 

HU^JO.wrU, Sags u, tell it JheS to m™,^ a?? "*?"" reUes °° tte ***» W eld 

that writes are to occur to. are to occur from, and a SIn gl e bl t (wrjbuff) for the current buffer 

of data from DRAM tothe h^2^t^^i^ ^ * ^ t0 «*» ^ 

rd_en and r</_ Je/ gets iacrenieQt ^ ~ j ~ £ S ™w ^ " fr ° m buffer b y asserting 
write the data to the output douWe-bE of Z S^LT^t ^ " foUowin 8 «^ 

bll. -l^isasseZ^^^ buffer. ^ euuais 

-Xrr^^^^; before *e CPU moves 

direction is thus pcrfoimed. P contone ScaJm 8 to the printhead resolution in the Y 

both currjraljblock JTline^tart Z7lt±Z^lL ^t M ^ 8 1 is ^"^ t0 

loaded with y_ f cale_denom. sLwgSte °Y dEJS? £ • ? '"ff.start.adr, y^cale_count gets 

// assign read address output to DRAM 
cdu_diu_w a drt21:7) = curr_halfblock 
cdu_dxu_wadr[6:5J = line t 1.0} 

" iT^S« 1 - n r , 1 y - SCale - COUnt ^ - »<cer each okam read access 

" wLT-" <n ^ blOCk ' — " - •« "adin 9 a line of contone ln up ^ , ^ 

y- S cal e _cou„t . y^S^ST//^^ ~ ° } 
Pulse RdAdvline y-Scale_denom - y_scale_nuii> 

« «i- =. 3) then . „ end o£ reAding 4 ^ _ tone ^ 
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line 



I — - 

curr_halfblocJc = buff_ e tart~adr 
»i= r?7f^ rt - adr = buff -«art_adr 

el8 ^^T^« + S^Sr' " then 
else lne_Start - adr = buf£ -«««_adr 

=2S£= : xss — : s2t-= 

else 

line -»■+ 

else CUrr - halfblock = "ne.start.adr 
// re-read current line from ORAM 
y_8cale_cou„t . y_scale_count ♦ y sco l e denon, 
else CUrr - holfbloc * = line_starl:_adr y - Scale - denoin 
block 

curr^halfblock 
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cfu_diu_rraq « 0 

wr sel * o 
wcadyjxjffeO 



cfu^diu^rreq e o 

wr_se» *s 0 
wr_adv_buff a o 

1 

resetj 



< 



idle 



c 



Go 1 

WLadvJxiffoO 



req 



c 



> 



6mB <* tn r*** *nq 



5fl ft m wrftfl 

cfu_dlu fT*q e 1 
WLadv^buff = 0 



ack 



c 



cfu_rfKi_freq « o 
wr_sef «o 
wr„adv_buff«o 



readl 



c 



3 



dftj rfti ryn^ — f 



cfu_daj_jreq - o 
w_adv_bufl «= o 



tfjW Cfu rvntid ^ i 
u_diu_rr«q «() 

1 wr^adv^buff « 1 



read2 



c 



dlu efti ryafffl — i 
cfu_dru_rreq = o 

wr_adv_t>iiff = o 



read3 



3 



cfu_diu_rro<j = 0 
wr_adv_buff « 0 



read4 ^ 



Ffcure 109. State machine to road decompressed contone data from ORAM 
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23.7.6 Contone line store interface 



23.7.7 



The contone line store interface provides SL !I coIor P 1 ™ «, and the CFU reads them line-at-a-time 

m «y continue reading from DRAM as I^^S bu ff- hne *-™°H is incremented by 8. The 
set while buffJines_a Va als greater AanO ^Z^ ^ 7™?'!* 0 *> ™ii 

from DRAM, the Y- sca ling ^^^SSjKT^ a ** of ^e dm 

Color Space Converter (CSC) 

plate as it bypasses the block. ^ '* ,<m< * be equalize for the 4ft color 

p^toKCB. a„d W £ be set^t t".^^ fea^ 
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Figure 1 10 shows a block diagram of the color 



space converter. 



color space " 
converter/Inverter 



'2 8 ► ; ' I 




cpO 



cp2 



>cp3 



YCfCb2RGB 



^»vert_cofQf_plart© 



23.7.8 



Figure 110. Block diagram of color space converter 

version is implemented as fellows- accuracy is maintained with 18 bits. The con- 

• R*-=Y + (359/256XCr-l28) 

• G* - Y - (1 83/2S6XCM28) - (88/256YCb-128) 

• B- = Y + (4 54/256XCb-128) 

X-scaling control unit 

the mechanic for keeping track of JE££ taS^ntiuff T" ^ ICS ° Iuti<m ' pTOvides 
read from until it has been written to. fferS ' aad cnsures ^ a buffer cannot be 

^ writes are to occur to. occur from, and a single bit {wr_buff) for the current buffer 

- s 1 * mels 1D *e lead-m and lead-out areas are 



1. -179 is saturated to 0 

2. 135.5, with rounding becomes 136. 

3. -227 is saturated to 0 
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if (wradv « l) then 

if <pixel_count « (max_block, bill) , then 

pixel_count =0 
else 

Pixel^count ♦+ 
if Upixel_count < leadin_clip_num) 

OR (pixel_counc > ({max block Hi 1 1 \ i 
wr_en - o i««x.oiocX, bill) - leadout_c Upturn) ) > then 

else 

wr_en *= l 

The output cfa_hcu_a.au equals ^ . - .s set. and ^buff* averted. 

HOJ that data is availableVo be readl -^tof^ ^^^Tl *** *" * *° 

algorithm for non-integer scaling is describedTS? ™ 5? ! * implemented by pixel replication. The 
loaded with *^ tort JSL aftenLIt « ^^cES^i?"* N °? « be 
first pixel is scaled by. hcu line length and T ' , Thls contTols the amount by which the 

line that is sent to the HCU Ss^dedby -^"^'^ COntn>1 * e amount by which the last pixel in a 

if <hcu_cfu_dotedv ==■ 1) then 

r<L.en « 1 x_scale_denora - x,scale_num 

else 

else 

x^scole.count = x_scale_count 
rq_en = o 

received, then a /rf en nulse i« v*nnZ7*~ hcu - lme - l ength and a Act/_c> dWv pulse is 

reset to 0 and *^S£Z 1 125^^5^ ** " ^ ^ ° f CFU * 
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24 Lossless Bi-level Decoder (LBD) 



24.1 Overview 



The input to the LBD is a single plane of bi-level H*r a t~a 

gnunmed with the start addreL XSil^ZXSiSSST ™ ^ LBD is ^ 

the number of lines to decompress. AhfcJK Sj£££fE SfT*?'" 0 - d 
compression, the LBD can cope with any comoressi^^r T ! be 81,16 to pnnt text 31 

pass-through mode is provided for H^2l m requested DRAM **ess is available. A 
50.1. Lossless bi-levei compression ac^STaveUeT ' T C ° m P reSSCS * ratio of about 
which compress poorly. ^ page ,s ^ 20:1 w * tn 10:1 possible for pages 

oXT?o u u,: f sm L ( spot ssftsf^f irr ed bi - ,evei ^ ** is 

unit) for the next sta^n me p^^Z^L^Tf " * ^ HCU (Halftoner/Composito 
is used by the PCU L is ^1^^ ^ * '^A^-* control flag that 



ORAM 
interface Unit 



1 



fbd_finfshedband 



PCU 


4 


LBD 







10 SpotRFI 



Spot FIFO 
Unit 



HCU 



24.2 



Figure 111. High level block diagram of LBD in context 

Main features of LBD 

Figure 1 12 shows a schematic outline of the LBD and SFU 

the LBD in SoPEC can run much faster ttZ fc~ T! ^5 u 3130 retamed for s ° p EC. Therefore 

processing latency, to be absorbed. ^ " USe&1 for 8,lowi »« ^ 

e.g. due to band 

SXX^rs ne8ative compression - p ** - «*- 

grammed number of bits wMcWr iJl^r ^, ^ t0 either Md of or for a pre-pro- 

length code, followed by paT^S mn -' eagth Code " *"» executed Js a 

« Sm^ - Sp " ™> (SFU), Tbis 
lines up to a programmable numbeTof nn2 TiS^Sl^TT StWed fa DRAM - nominally 3 
write access to DRAM. Therefor. the rin^nrJl,'™^ 4:3,1 ^ SFU waits for 
■ ^musioe able to support stalling at its output during a line. 
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A signal sfujdb_r<fy indicates that both the SFtr, r-,™ , „ 

writing and reading, respectively. 5 NextLineFIF 0 and PrevLineFIFO are available for 

Kbyte of storage. ^ ITKbytes of storage. An A3 line of 19488 dots requires 2.4 

£i^l7r C, , tare ** , ' aM ° f ' ""—»■•-•"*-* oo^reesio. 



LBD 



64 

-7^ DRAM 



FIFO 



SFU 




FIFO nextjfrte 



All RFOs are 64 bytes 
(twice the ORAM data 
word width) 



FIFO 



prevjlne 




HCU 



F'FO cvnjine 



7 * ORAM write 
7* DRAM read 



Figure 112. Schematic outline of the LBD 



and the SFU 
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J3 



BMevel Decoding In the LBD 

IS b ^^or^%^^^^ modified Group 4 (SM G4) compres- 
length encodings. The encoding^ SSSSSSS S^T * Bd ^ ^Hfied^ 



m^^ u T:!i g, j! y e - — — - din fl 




100000 



oooooo 



Vertfeal(-2):a0^ oi. 2> colors looter 
VertrcarO): aO bj + 3, colorTjc^toT 
I VerUcaI(-3): aO <- bl - 3 , co lor ="7^T 



<RLxRL>100 



Horizontal: aO*-aO + <RL> + <rl> 



number of bits, whichever is shorter. The^i r^ l^cTh m ^ ° f ^ or for a Programmed 

followed by pass through. The pass ^nT^^ST^J 7*1 35 a 

than or equal to 31. ^ COde ,S a me ^"m length run-length with a run of less 



caS ■ 1 ? 4 L RU " tength (RL) flncod '"a« 



RRflRB.1 



§ E 
51 




RRRRRRRR10 



RRRRRRRRRRRRHRRQO 

RRRRRRRRRRRRRrrqq 



Medium WWte Runlength with RRRRRRRR « 
Enter pass through 



Long Black Runlength (15 bits) 



Long White Runlength (15 bits) 
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pass the data to the LBD as un-comp r eSd 1^ Th^.h " T^" 5 thiS * WOuld * ^ to 

mented ,n the FECI version of the LBD. When fceXot SfSS ,f " «™ not 

the data strean, i s an ua-compresse. bit This biH ^ S2Kr5S?£ ^ bit ° f 
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24.2.2 



Je coding scheme of Table 104 it is still legal £tS f£. a ™H * "T H ° WeVer «** 

been designed so that if a short runlength val ue is £. ^ "Z^""*"**- The LBD has 

command containing this runlength iRjfi coSS IS SSffS Jf" °" ee horizontal 
mode and the bits following the runlength is Z^Zn^Ls. t. the LBD t0 rater P«" through 
either a programmed numbeV of bits oX iSST^J? T ° f 5* * P2SS * 
mode.comp.etedthec^ent color b^.Zt^ZZttt^^J?* 

DRAM Access Requirements 

Table IPS. DRAM bandwidth requirements 



Direction 



Read 



Maximum number of 
cycle* between each 
256-bft ORAM access 



Peak Bandwidth 
(bits/cycle) 



256 1 (in compression) | 1 (t :1 compression) 



Average Bandwidth 
(bfts/cycJe) 



LA, tl 1 ■ ' 

1 - At 1:1 com PressIO n the LBD requires 1 bicycle or 256 bits every 256 cycles 



01 (10:1 compression) 



Doc: SoPEC_hardware_desiqn 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 304 



SoPEC : Hardwar e Design 

24.3 Implementation 

24.3.1 Definitions of IO 

Table 106. LB D Port Ust 



J3 



Clocks and Resets 



preL.fi 



In 



| n Global reset signal 



cdu_endofbandstore(21:5] 
cdu_startofbandstore[21 :5] 

IbcUNshed band 
Of U Interface signals 



17 



17 



In 



In 



Out 



Address of the end of the current band of data. 
256-bit word aligned DRAM add ress. 
Address of the start of the current band of data/ 
256-bit word aligned DRAM address. 
LBD finished band signal to PCU and Interrupt Control 



diu_ttxJ_rvaHd 



17 



64 



Out 



Out 



In 



fn 



nZJXT ^ A read ™* be accom-" 

panied by a vaEd read address. 



Read address to DIU 
1 7 bits wide (2S64rt aligned word). 



^^edge from DIU that read request has been 

£XS£ new read address 60 p!aced ™ 



Data from DIU to SoPEC Units. 
First 64-bits Is bits 63:0 of 256 bit word 
Second 64-bits is bits 127:64 of 256 bit word. 
TOrd 64-bits is bits 191:128 of 256 bit word 
Fourth 64-bte Is bits 255:192 of 256 bit word 

55 ST ^ Unit *« = — — 5 



ibd_pcu_dataIn[31.-QJ 



32 



In 



Pcujbd_sel 



fbd_pcu_rdy 



SFU Interface data and control signals 



In 



In 



Out 



PCU address bus. Only 4 bits are required to decode the 
address space for this block. 



Ready srgnal to the PCU. When lbd_pcu_a,y is high it indi-' 
cates the last cycle of the access. R>r a write cycle this 

hrT,t^-? /a0UfhaS ^ theWock and 

fa r a read cyde this means the data on Jpc^n is 



sfujbd_rdy 



In 




Ready signal indicating SFU has previous line data 
avarlabie for reading and is also ready to be written 
to. 
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24.3.2 Configuration Registers 

Table 107. LBD Configuration Registers 




Control re gisters 

0x00 Reset 



0x04 




Go 



Setup registers (constant for during processing thep^eT 



0x1 



0x0 



A write to this register causes a reset of 
the LBD. 

This register can be read to indicate the 
reset state: 

0 - reset In progress 

1 - reset not in progress 



Writing 1 to this register starts the LBD. 
Writing 0 to this register halts the LBD 
The Go register is reset to 0 by the LBD 
when it finishes processing a band. 
When Go is deasserted the state- 
machines go to their idle states but ail 
counters and configuration registers keep 
their values. 

When Go is asserted all counters are 
reset, but configuration registers keep their 
values (i.e. they don't get reset). 
The LBD should only be started after the 
SRJ is started. 

This register can be read to determine if 
the LBD is running 
0 • running, 0 - stopped). 



0x08 



OxOC 



0x10 



UneLength 



PassThrough Enable 



PassThroughDotLength 



16 



1 . 



16 



Work registers (need to be set up before processing a ban"oT 



0x0000 



0x1 



0x0000 



Width of expanded bi-tevef fine (in dots) 
(must be a multiple of 16 bits). 



Writing 1 to this register enables pass- 
through mode. 

Writing 0 to this register disables pass- 
through mode thereby making the LBD 
compatible with PEC1. 

Number of dots for which pass-through 
nxxfe will last. If the end of the fine Is 
reached first then passthrough will be disa- 
bled. 



0x14 



0x18 



NextBandCurrReadAdr[2l :5] 
(256-bit aligned DRAM address) 



NextBandUnesRemaining 



17 



15 



0x0000 
0 



0x0000 



Shadow register which is copied to 
CurrReadAdrwhen (NextBandEnabte = 
& Go = o). 

NextBandCurrReadAdr'ts the address of 
the start of the next band of compressed 
bMevel data in DRAM. 



Shadow register which is copied to Lines- 
Remaining when (NextBandEnabte == 1 & 
Go = 0). 

NextBandUnesRemaining'ts the number of 
lines to be decoded in the next band of 
compressed bMevel data. 
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0x20 



NextBand Enable 



0x0 



Shadow register which is copied to Pmv 
UneSource when (NextBandEnabte = 1 
<&Go = 0). 

1 - use the previous line read from the SFU 
for decoding the first line at the start of the 
next band. 

0 - ignore the previous line read from the 
SFU for decoding the first fine at the start 
of the next band (an all O's line Is used 
instead). 

ff (NextBandEnabfe 



0)then 



— — — — 1 &Go«=u;m 
-NextBandCurrReadAdr Is copied to 
CurrfteadAdr, 

-NextBandUnesRemalning is copied 

to UnesRemaining, 
-NextBandPmvUneSource is copied 

to ProvUneSource, 
-Go is set. 

-NextBandEnable Is cleared. 



| Work registers (n 
J 0x24 

I 0x28 


ead onf y for external access) 
CurrReadAdr[2l .-SJ 
(256-brt aligned DRAM address) 


I 

17 




snouid be set 

The current 256-bit aligned read address 
within the compressed bWevel Image 
PRAM address). Read only register. 


I 0x2C 


UnesRemaining ~ " "~" 


15 




Count of number of lines remaining to be J 
decoded. The band has finished when this 
number reaches 0. Read only register. 




PrevUneSource — . 






1 - uses the previous line read from the j 
SFU for decoding the first fine at the start 1 
of the next band. j 
0 - ignores the previous line read from the 1 
SFU for decoding the first Una at the start 1 
Of the next band (an all O's foie is used 1 
instead). 

Read only register. | 


0x30 
0x34 


CurrWrlteAdr 


15 




The current dot position for writing to the 1 
SFU. Read only register. 




RrstUneOfBand 


T 




Indicates whether the current line is con- 1 
sldered to be the first line of the band 
Read only register. 



24.3.3 Starting the LBD between bands 

S^ta^c^,^e S S F c^ f if D " PrOS T^ a ^ *r the compressed 

and then stops, clearine it's Go bit anrf ice,! -7 , ^VV ' LBD Co) - ^ LBD decodes a single band 
for the next bantS Ve SuSlS * °° lbd ^ hedband - ™e LBD can then be restarted 
oano, wmie tne HCU continues to process prevxously decoded bi-level data from the SFU 
Thereare 4 mechanisms for restarting the LBD between bands: 

■ - Page 308 



SoPEC : Hardware Design 



J3 



8 * GbwKJ^^ C3USeS t0 CPU - 7116 LBD ^ «0PP«I and cleared its 

mands from DRA*^ — 
BandEnable for the next band ^ ° S $had ° W rCglSters 31,(1 sets Next ~ 
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24.3.4 Top-level Description 

A block diagram of the LBD is shown in Figure 1 13. 



ORAM interface Unit 



e 

^64 \17 



1 



lossless bl-toveJ 
decoder unit 



Stream 
Decoder 



2y 



1S. 



^pass_through_doCtef>flth 



pass_through_ena bte 



prev_Une_source 



Register and 
Resets 



Cnes_nsmaining 



Bngjength 



Command 
Controller 



15. 



^control ^ 



IS 



aO 



ftJd^finbnedoand 



Next Edge 
Unit 



Una Fill 
Unit 



ttxLsfu 



_sfu_tt d„rfy 



data 



1 *d*>. 



datavafid 



End of Band 
Unit 



pladvword^ 



y sfujbd,pldeta 



*fu_advtlne 



1g lbd|.sftj^wda^ 



Previous 
Line Suffer 



Spot FIFO 
Unit 



wdatavaffc 



Next 
Line Buffer 



Figure 113. Block diagram of lossless bi-level decoder 
The LBD contains the following sub-blocks: 
Table 108. Functional sub-blocks In the LBD 



Registers and 
Resets 



tiBEBBBBBBBBBr 



Stream Decoder 



Command Controller 



Next Edge Unit 



Reset agnate tor the rest of the LBD 



Acceasesthe b.Wevel descriptor, from the DRAM through the OIU Inter- 
face. It decodes the bit stream Into a command with arguments which it 
then passes to the command controller. 



ur^St^ 1 T decoder and provide the Bne fill 

o,n J^ll * dd : 6SS a " d «** to n 1,16 sp U Next Une Buffer. It also 
provides the next edge una sterling address to took for the next edge 



Scans through me Previous Une Buffer using its current address to find" 
to -next edge of a color provided by the command controller. The next 
edge unnou^uts this as the next current address back to the command 
controller and sets a valid bit when this address Is at the next edge 
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J3 



Naming of signals ^ Iogicd Wocks m ^ (1JJ 



Registers and Resets sub-block description 

ter, The register descriptions M^VXSlK l^y ^ ° DU ^ ^ «■•- 

.BO. in the _ of «J ^2^^* * S 

LBD ignores the previous ^^n s^^^^ ^ **. " If » 0 is the 
line regardless of what the out of the SFU us * """""V ««» for the previous 

™ZZl^~\tJ27Z^ T d ^ ^ ^ ° f LBD and the Go hit 
pressed data stream. ' tCanStart ^«^ng data from the DIU and commence decoding of the com- 



24.3.6 Stream Decoder Sub-block Descripti 



lon 



•he empty space created by the ban* sSt Ste^ KSE ? ^ ^l*™ 016 FIFO t0 «" «P 
mt ° a -ntmand/aaguments pair, which in tuX^eS I t^mmand SS £" * ^ " ^ 
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A dataflow block diagram of the stream decoder is shown in Figure 1 14. 




Figure 114. Stream decoder block diagram 



24.3.6. 1 OecodeC . Decode Command 

^^.Wn^tz^^T^ 6 "° f - » — ^ output one of three corn- 
consumed, which f*^£i™^x™^r " ^ 10 W bite 

as a medium ru^eStSTS £ S Zt n ^ Le " a number than 3 1 , encoded 
•ength is deco^^te^ containing this run- 

be a number of bits that reoresent u^^r^^.'^.^ Followmg the runlength there will 
all these bits have be« S^^eSTmfstS ^ **> ta PASS -™™UGH mote until 

or the line ends, which ever comS fu^ ^ " ^ °™ * pr0grammed of bits is reached 



24.5. 6. 2 OecodeD - Decode Delta 
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15 bit number, which is generally considered to bTnLit- u . ■ ■ J ^ Ut 7116 output * e/,a is a 
do*fo ran A 4 page and A^T^^SSttZZZ^ T ^ *° ™* 
K JZ ' /0C ^ a 2 s complement representation of -3 r 2,- 



S3 Proprietary Document 



29 ^ov 2002 
Page 312 



SoPEC : Hardware Design 



«d the c»™, conmuS ~~" K "P S «•*•"»••« »l«t teed on the current color 



State-machine 



mand ^^^f S^^^^-^^-^l*^ 
end_of_band_sto K . If the two are equal ^rr rZ7 n %7* xa \ curr - read - addr * compared to 
memory addressing). OmerwisT ^T^^^ 

end_cf_band^ ore need to be programed so C ^ bS^.r^^ ■ Bd 
DRAM word size. uie aisiance between them is a mulople of the 256-bit 

JJ^StSSC dCCOdCS 3 ^ P-vides two SKIP instructions to 

^co^^.^rS^Cm^ ^ * W ° ^ ^ « P-^ to the com- 
passed, and the sL^ SSS^ In the fi«t instruction fetch, the first run length is 

fetch from the conm^c^llc^S^^^J? ^ In *" 560004 inst ^ on 

24.3.7 Command Controller Sub-block Description 

ing address to look for th! °«? SI? / Next ^ Buffer - » P^des the next edge unit with a start- 

ZLJ^FJ^SA m^™"' f ° r detectiDg * c end of - - 

l K £r ffl t command connoUer is shown in Figure 115. Note that data names such as 
respectively. 8 8 ^ 0n referenCe lme t0 me n 8 ht of °° *>* of the opposite color to aO 
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Figure 115. Command controller block diagram 



24.3.7.1 State machine 



Hie following is an explanation of all the states that the state machine utilizes 
i START 

(N«, Edg« „„,). to SD (Stream dJLV^Z^?Z ^T* * 
« A WA/TJ3 UFFER 

S^S^^T ^ * C SFU " ™« the command controller 

mand controller can proceed to the PAJisTs^T NEUJiUNNING state. Once this occurs the com- 
iii PAUSEjCC 

/v PARSE 
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When in this state the command controller can receive one of four valid commands- 
a) Runlength or Horizontal 

e z zzssits ssrc - * is - — ** *-» — •«« *«. ».« 

ctogc too *. W^SSSS 10 POinL C<> ™ , " ,, """""" 

«*» *«. s *« «* .f ss^Er^; stssssr"" liM - ^ co *° ^,a, "' — 

Vertical 

When this command is received, it tells the command controller that in rt„> ,- • 

change from the current color to oDnosite nfthJ^Z™ 7 , *' m P revious it needs to find a 

the current position in t££32E?£ £ n^L h £ ""^ ^ * Wmte * looks *» 

^Itisin^ttono^ 

element on the previous line for a v^^i^wiT ciement m ™ current line is relative to the changing 
Skip 

c^^ b « *■ -lor in the current line is not 

thaMfae comm a ^™^erS^m^^^T , ^ Uke tW ° "P— commands 
the current color inXcase 8 ° COmnwnds «« *« coded not to change 

d) Pass Through 

^^cTptto S S , n^ ""ft "1 * ^ Cl0ck ^ ^at .uses to construct 
LED can reconu^ noS oTmpr^tn aS^l^j ^ I* - ^ ^ 
color as the last bit in unimpressed I St^fTp« J * p3SS thr0ueh mode 18 the 

command controller as eachXSuX^ J mode does need an extra state in the 

cessed in one clock c^cle ^ command reccved from the stream decoder can always be pro- 

v WATTJFORjaJNLENGTH 

^s^ss^t^sl ^ouTaifr s 16 - bit ^ means ^ - «■» 

clock cycle the command con^~^^ wS^i Tl^ ** 
LENGTH date has been consumed « • u < ™ ^ UK ^ UNLENGTH until all the /?CW- 

controller will r^ to^Ss^c ^ * " °" mC end of *• «™ «- command 

w WAJT_J?ORJ<fE 

5K£ JS£iT^^£«5 i — - 

return to the PAUSE state. ° f 1,16 ,u,e command controller will 
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24.3.8 



Fi 8 ure 116. State diagram for the Command Controller (CC) state machine 
Next Edge Unit Sub-block Description 
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Table 98. CDU registers 



TCOl 



0x000 



0x0000 



BuffEndAdr 



0x20 



Points to me start of the decompressed contone cir- 
ttilar buffer m ORAM, aligned to a half JPEG block 
boundary. 

A haJf JPEG Wock consists of 4 words of 256-bits 

?S2£ 32 ° 0nt0ne pbceb ln 4 i.e. half 

a Jr*tG block. 



Po ' nts , «f »• start of the last half JPEG block at the 
rTo a»! « decompressed contone circular buffer in 
DRAM, aligned to a half JPEG block boundary 
A half JPEG block consists of 4 words of 25S-bits 

?JPEG Wo*? 32 °° n,0ne P,Xe ' S 4 C0,OfS ' U - haU 



0x24 



BypassJpg 



Defines size of buffer in ORAM in terms of the 

decompressed intone Unes. The size of 

^ a mu " i ' >le of 4 " nes ^ a mini, 
mum size of 8 lines. 



NextBandCurr- 
SourceAdr 



^tenrones whether or not the JPEG decoder will be 
bypassed (and hence pixels are copied directly from 
input to output) y 
0 - don't bypass, 1 - bypass 
Should not be changed between bands. 



0x34 



0x38 



NextBandVaJid- 
BytesLastFetch 



0x3C 



NextBandEnaWe 



Jtead-oniy registers 



The zsG+n aligned word address containing the start 
or the next band of compressed contone data in 
DRAM. 

TOs value is copied to CurrSou/re^drwhen both 
^*Band is 1 and NextBandEnabte is 1, or when 
Go transitions from 0 to 1. 



™ e 64-bn aligned word address containing the last " 
bytesjf the next band of compressed contone data in 

™? ^[ ue I s to ZndSourceAdrnhen when 

both DoneBandis 1 and NextBandEnabte is 1 or 
when Go transitions from 0 to 1. 



Mask containing a 1 m each oft position that repre- 
sents a valid byte in the last 64-bit fetch of the next 
band of compressed contone data from DRAM 
P"? *? ue I s to VafidBytesLastFetch when 

both DoneBandis 1 and NextBandEnabte is t or 
when Go transitions from Oto 1. 



Wen NextBandEnabfelsi ant DoneBandis A then 

^^^^ WiS set at the end °< * band 
-NextBandCurrSoureeAdr is copied to Curr- 
Sou/cevloV; 

-NextBandEndSourceAdr is copied to &itfSot//ce^dr 
'NextBandValidBytesLastFetch is copied to 
BytesLastFetch 
-DoneBandis cleared, 
^NextBandEnabte is cleared. 
NextBandEnabte is cleared when Go Is asserted. 
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Table 98. CD U registers 




0x40 



0x48 



0x4C 



EndSourceAdr 



ValrdBytesLast- 
Fetch 



17 



19 



0x0 




0x0_0000 



0x0_0000 



0x00 



Specific whether or not the current band has fin- 
Khed toadlng into the local FIFO. It is cleared to 0 
when Go transitions from 0 to 1 
When the last of the compressed contonedata for the 
band has been loaded into the local FIFO the 
cdu^finlshedband signal is given out and the 
OoneBand Hag is set. 

UNaxtBandEnab/e is 1 at this time then Curr- 
SourceAdr EndSourceAdrand ValidBytesLastFetch 
are updated with the values for the nexYbanoW 

starts immediately. 

^™TfT rfa ' aW0 to 0 mo remainder of the 
CDU will continue to run. decompress™ the daL 

/^fia/Tdgnabfetobeset before it restarts 



The current 256-bit afi 0 ned word address within the" 
current band of compressed con*™ ^^0^. 



The 64-bil aligned word address containing the last 



^ a 1 in ™ Position that repre- ' 

^n^^ by,e,ntt,e ,ast 64 - bit f «ch of the current 

6hou,d * - - - ^ ™ 



JpgDecTType 



JpgDecTestEn 
JpgOecPType 



0x00 



0x0 



0x0 



JPEG decoaer core readonly status ro n/~t»~ 
0x60 I JpgDecHdr fl "~ 



^!S!? nt ? f 8 decoded ^ can also be output on 

4 SOF+SOS+DNL 
3 COM+APP 
2 0RI 
1 DOT 
0 DHT 

™* er 7 e aJSO ***** to 



Signal specifying parameters to be placed on port 
JpgDecPValue (See Table 99). 



0x00 



Selected header segments from the JPEG stream 

X iK** 8 decoded - Seflment3 — ~ 
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0x64 



0x68 



0x6C 



JpgDecTData 



JpgDecPValue 



Jpg DecStatus 



13 



0x0000 



16 



22 



0x0000 



OxO0_OO00 



Z^? S i o1cs 1*X>> indicates the first out- 
Ptit byte of the first 8x8 block of the test data 

1VJ5°? 0Utput of CS1650 ' '"dfcates the first out- 
put byte of each 8x8 block of test data. 
1 1 -a - 11 -bit output test data port - displays OCT 
coefficients or quantized coefficients depending on 
value of JpgDecTType. 



Decoding parameter bus which enables various 
parameters used by the core to be read. The data 
available on the PValue port is tor information only 
and does not contain control signals for the decoder 



B.t 21 -Jpg_cofe_$taH(tt set. indicates that the JPEG 
core is stalled by gating of Jctk as the output JPEG 
naifblock double-buffers of the COU are full) 

TJ?^^^ fThis fii 9 nal fe output from 
the JPEG decoder core and is asserted when a pixel 
Is berng output 

Bits 19-16 - ^contents (FIFO at input of JPEG 
decoder core) 

^it°/ are t P ! G de00der 0"fH.t3 from the 
CS61S0 (see Table 100 for description of bits). 



22.5.3 Typical operation 

The CDU should only be started after the CFU has been started 

/Lines. Users then set the CDU's M^!T ' BuffEndBlockAdr and NumBuf- 

for the band has fiXhta S£ rS £ SS S lL fa , ba,,i ^ Coatone ^ 

indicating that the memory Jo^J^^^^^T^ ^ be to PCU Cpu 
band of contone data. band 15 now ^ Processing can now start on the next 

for restarting the CDU between bands: 8 * * NatBa "dEnable. There are 4 mechanisms 

"ctuteS^^^ 
^W^mgis^ 

rent b^TSSSST^tSS ^f^^ bit before ^ «- cur- 
acy , me CDU^^^^ 

BandVnlMR^r f^t m \ NextSa ™CurrSourceAdr 9 NextBandEndSourceAdr and Next- 
d.This is a combination of 6 and c above The Pen r r M tw *u ^ 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 rJov 2002 
Page 275 



SoPEC : Hardware Design 



^in^ 

already 1 the CDU . IT ?° neBand * Ild P 1 "** cdujiniskedband. As NextBandEnable is 
cdZfiLl'kTl ^ P r ^ess.ng the next band immediately. Simultaneously 

£SXwZSZXZ£^£? """ft fr ° m DRAM - ^ CD^wi,, have 

ing again. An interrupt is sent ^^l^^^f m ^^ AM} ^'^^docoA- 
reset by ^ans of a write to its - CDU should then be 

22.5.4 Read control unit 

^^T^O^^^^^^r^ ** "* P - in « * » JPEG 
receiving the data from the D^TverTcl^ b ^ 256-bit accesses, 

accesses to DRAM is descnb^rsectioi S JTSSSmS ^ ^ PTOt0C01 lnd for read 

by means of the state machine described L nguJeTof to DRAM are implemented 

it whether to attempt to read a band of co™ w !^ . "?* h,De rehes 0n me ^neBand bit to tell 
does nothing. When toneto^^TFZl °°u ^ ^ " set, the state machine 

up to 256-bfts a, a S^^^^^^^t^^^^^ 
knowledge about numbers of blocks or numhlT^Z , ° te *" state "machine has no 

by consecutive reads from D^S^£23S? " " mere,y u kee P s the ^ ^ FIFO full 
*>™pe* DRAM read baudJ^^^ 

. A — : T^eT-ss' srra^ jstsr? b a 256 - bit - — - » ■» 

being ^ZTl % T"t^ U jf* * ret 7 ed - by 

end_ofJbandstore\ " compared to both end__source_adr and 

is set. The remSg 64-bit ^^SSfSSS^T^lTl - dlte «-«**'» 
the FIFO. e U ^ 1 8 norcd » >c *ney are not written into 

' "^e^V^^ *~ - ^ e^au^adr, then 

whether «n- source adr also eoual S^fS ^ ™ ° F ?^-*»"*-** + L depending on 
FIFO is 0. q end_oLbandstore. The end.ofjyand control signal sent to the 

cwrrjoMrc^^ is output to the DIU as cdu_diu_radr. 

A count is kept of the number of 64-bit values in the FIFO wi, m ^ j , 

0. data is written to the FIFO by assertine JTOJ*!m! *>U*urvahdu 1 and ignore_data is 

incremented * 8 f r ' ^fifo^ontentsp:0] ^fifo^r_adr[2:0] are both 

data from the FIFO. Note ^iS^SS^^'SSSl?^ ^ * " ~* t0 
istex to 1 . fa this case data is sent directly from ETS5S£tSlT T* KTTV^ 
decoder is not stalled Qpg_core stall eaiilOWn? ^ • ^ 'half-block double-buffer. While the JPEG 
a byte of data is consSd b^ ^JpgJ^ri, are both I. 

next byte. The read address i I byte aljmedi! %ZZ£\ifr ^ U incremented to select the 
. DyM aUgned * ' e - thc «PP« 3 wts are mput as the read address for the FIFO 
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L.dU 
ignore. 



*Si - 

cdu_dlu_rreq » 0 

ire.data «* o 



AMP-flLjBQUDl 



.^3 



ignore_data « 0 



Reset OB pfftf n ~ft 
ccfu_dAj_rreq = 0 
ignore_data » 0 

el. 

I reset 1 



< 



< 



c 



idle 



> 



Go «s 1 AMt^ 
DortoBqnrt ft 



cdu_diu_rreq«=o 
Jgnore_data » 0 



req 



rreq 
tgnore_data = o 



ack 





lfiu_cdii rack «. i 




cau_diu_rreq « 0 




iffnofo.dala « o 


1 


r 



cdu_cfiu_rreq * 0 
ignore.cJata = 1 



read *\ 



Figure 101. State machine to read compressed contone data 
22.5.5 Compressed contone FJFO 

sion of the sme. ' register is also copied to an image ver- 

•he r^^Srt^o' £ S^*^* lW «"•"''• U "» > «• - <*« « 
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22.5.6 



■ FIFO (« „ .flic, of ^.li m?Th,, "T - c ° n "™ bc» «ad (tan tto 

.on. da* ^ b e „,o« tta, 4°x S*S°^^ 'IK) li ' ,,i "'' ^< " , " *" ^ »' «™ ! 

CS6150 JPEG decoder 

the CS6150 JPEG decoded ^ caVl a, ISS^t?,^ 0 '^ {AmpWon ^ed that 
which a gated version of the system Tock IS^Si^S f ^ ^ °° K '« docked b "*'* 
JPEG decoder on a single coloVpixS-byT^b^^,^ ''f P rov,d « s a ™"hanism for stalling the 
the PixOutEnab input to the JPEG dZJfa? iS^ 1 ^ flow of out P ut ^ is also provided by 

block boundary and is ^kT^^lc ^Z iZeTl ^ ° f OUtpU < * a ™ 
instead tied high. g mg of clock is employed and PixOutEnab is 

^> » *™ «• ™» bytes.eam and uses 

quantization tables, restart interval deSon^^, ^stream contains data for the Huffman tables, 
the JPEG bytestream detS "I? t headers - The decoder parses and cheelS 

fying the JPEG segmentsX^/^S^^m ^ After 

as appropriate. Any errors detected in SeTy^l^n 1 ^P"^^ to be stored or processed 

^-.ifane^ 

Lines (DNL) marker at the end S^ nS^ffZ^^^T 3 ^ 

length as this is a modification to ftS ° f ^ DNL marker m ,ma 8 es of m °« *an 64k lines 

Pixelsmmecorrect color or^T^ 

The following subsections describe the means by which the CS6150 internals can be made visible. 
22.5.6.1 JPEG decoder parameter bus 

mines which internal parameters are disolavS 2 2? ™ ♦ u ' mpUt ^DecPType) deter- 

the port does n P ot coSS^SSi^gSS^- ^ Table »• ^ available on 



Table 99. Parameter bus definitions 




FX: number of columns in frame 



YMCu: numper or MCUs in Y direction of the ^ 
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Table 99. Parameter bus definitions 




0x4 



Cs0[7:0LTq0[1 :0j_V0[2:01 
_HQ[2:0] 



0x8 



0x9 



OxA 



CsH[15:0] 



CsV[15:0] 



CsO: Identifier for the first scan component 
TqO: quantization table identifier for the first scan compo- 

ZfvtT^T 1 * fector for 016 firet ^ 




Cs3. Tq3, V3 and H3 for the second scan component 
V3, H3 undefined if NS<4 



CsH. no. of rows in current scan 



0RIP5:0] 



000_HMAX[2:0LVMAX(2: 
OL MCUBLKT3:0LNS[2:0J 



CsV: no. of columns in current scan 



ORJ; restart interval 



HMAX: maximal horizontal sampling factor in frame 
maximal vertical sampling fector in frame 

^m ?toC mber ° fblOCkS ^ MCU ° fthe current 

NS: number of scan components in current scan, 1-4 



22.5.6.2 JPEG decoder status register 

is required from the user If anv of the nth*r ai me start of the next image and so no intervention 

2j3K£ *" deCOding ^ bC * ° bs ^ * e of ^ /D**^. DecInPro, 



u ! V 0 °: d6COder Status re g >ster <*«fi"Kions 




11-8 



TblDef[7:4J 



TblDef[3:0] 



DecHfError 



Indicates the number of Huffman tables defined, IbrtAable 



Indicates the number of quantization tables defined, 1 bit/table. 



-■ ^v.»o uonncu, imt/tapje. 

Set when an un defined Huffman tabte symbol is referenced during d^rti^ 
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Table 100. JPEG decoder status register definitions 



CtiError 



HtError 



QtError 



OecError 



IDctfnProg 



DednProg 



JpglnProg 



f f GtWh t n ! n fnvaIW SOP P^™er or an SfttS i parar^ter islZteT 
■? Ulef8 is a mlsmatt * between the DNL segment inout to the «,r« 
f£ number of lines in the input image which have alreS^ de^£ 



Set when an invalid DHT segment is detected. 



Set when an invalid DOT segment is detected. 



Set when anything other than a JPEG marker is Input " 

Set when any of DecFlags[6:4J are seL 

Set when any data other than the SOI marker is detected at the start of a stream. 

^^^^X^T^ SOFa s " «* 



Set When ! OCT starts Processing first data of a sca n. Cleared when IHCT h„ " 
processed the last data of a scan. M when ,DCT ^s 



^'ff fS2 miS SlSnal ls asserted ^er the SigSOS (Start of Scan Seamenrt 



22.5.7 Half-block buffer interface 



tSE^JS^FT T , . da,a (Jpfl,n) and when decod- 

mg has been completed ,.e. when the last pixel of lag bloc* of (he image is outoui. 



to stall the JPEG decode TI^!S£^2^Sr'TVt 'S**^ ™* to ab,e 

pixel). We provide a mechanism £ sXg * £K TdelSi T^' '* 32 pbceIs < 8 bits P« 

half JPEG blocks to decouole JPEG JZ^ZlT a res P on f lb,e for Providing a set of double buffered 
DRAM (write conJo, uStTo^o^t f ?f "T^? ^ *~ b,ocks * 

only a single color plane. Da^T^e o^T^ *" «*" °* iS in qUantitieS «" 



pt*_out_vaJW - 
ipg_core_8tfili «4- 

Jdk_enabJe 



pixoJ_data - 



haff-btock buffer Interface 




cdu_dki_dataI63:0J 



Figure 102. Block diagram of half-block buffer Interface 
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22.5. 7. 1 Half -block buffer select unit 



^case.eachbufferlaha^ 

single bit iwrbuff) fo r S { unl ^ * C ™' buffer ^ r ^ to occur from, and a 

HJ/^UZ equals TuTaXrJbum ^ l ° T ^ ^ ° UtpUt Value 

buff__availfwr buff]. V^enlTL^;^ 1^ ° UtpUt ^ JPS-Co^taU equals 

the production of pixel ^dS^SS '5- * deC ° der Core is * ated off *° » ^ stop 

output from the CDU W^^^ 

^^^^rZ SSr^f iS «* inverted, 

mented whenever p£ bu^J if , T'l JPE ° decoder cor *- 11 is incre- 

pixel_count[4:0) is 3 f, SzTZt^T "SV? itS value. When 

^r_va/ WA Uedwithte^^o7f Z£ 7 W ~ en 
ANDed with rd_adv. JPS-COrejtalL The output equals half_block_ok_to_read 



22.5.7.2 Contone plane buffer 

Each^contone plane buffer consists of two half JPEG block buffers as shown 



in block diagram form in Fig- 



fdUbufl. 



vw_buff_ 
w_en~ 



pixeLdata. 



^=0 



pfxejdata 



JPEG 
haJf-btock buffer o 



rd en 



pixel data . 



JPEG 
hatf-Wock buffer 1 




cdu_dhj_data{63:u] 



contone plane buffer i 



Figure 103. Contone plane buffer Interface 



lected at the first shin Serin ^8-o^titit ^ * is 4 6ntly X Data is c0 '~ 
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Write control unit 



22.5.8 



i^iSiss ^ n s^^ o s^^w^c d zs™f ~ mon ^ ^ * stored * dram *• 



4 fine 



ORAM word p 
i 

DRAM word p*4 



DRAM 



4 fine 



DRAM word p*4n 
• 

ORAM word q 
i 

DRAM word q+4 



ORAM word q+4n 



JPEG block 0 
Ones 0 to 3 



JPEG btoc* 1 
linos 0 to 3 



JPEG Woden 
Ones O to 3 



JPEGbfockO 
Bn.es 4 to 7 



JPEG btoc* 1 
3 4 to 7 




a 


«-4 i C|L4 » C1L4 i C< 


u 

)L4 


o 


L5 I CiL5 i C1LS i C< 


ILS 


c 


ML6 ■ c|l6 i c|l6 J C< 




C3 


U7 I C2L7 I C1L7 » C0L7 



word q 
word q+i 
word q+2 
word q+3 



JPEGbJocJcn 
fines 4 to 7 



► Impftes 4 x 64 bit writes to oonsecotrvo 

words In one DRAM row. torTsfSte 
CDU access to ORAM * 

CX - Color X 

LY - Line Y or 8 bytes of a fine In a JPEG block 



Flo-r. 1«. DRAM .to™,. .„,„„„.„, , .,„„. „, Jpe<J ,„„ ^ |n 4 ^ 

block 0. color 1. li ne 0 in WO rd p bits 127-64 l ina i „ , 

line 2 in word p + 2 bit. 127-6* \7 M a i T f"* 127 '"' 

i,!/ 64, line 3 in word p+3 bits 127-64, 

block 0, color 1. line 4 in word q bits 127-64 lin» * • 

line 6 in word bits 127 64 Tfn , l " "* 1 b ^ B 127 " 64 ' 

« t oits 127-64, line 7 in word q+3 bits 127-64, 

repeat for block 0 color 2, block O color 3 



etc. 
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address the DIU also receives haJf a JPEG Wo k Sti L f c "TT "* *** * Wth *« 

J 0 "" * »AM must be padded to 256 JSwlJS 64 ° VW 4 CVCleS " AU 

the individual bit write inputs of the DRAM VvL„ / M * 0t 06 written 316 m^d using 

only 6 4 bits out of ^ to DR^^ « ^ fr ™ *• CDU* 

by the DIU. This means that the decompreSedconTo^ t? ° fthe ^ masked 

wnte masked accesses to 4 consecutive^ DRAM in 4 back-to-back 64-bit 

W-.block.ok^readm&Hne StorToktoZt^Jnf j** 8 «"» «»*«»• relies on the 
block to DRAM. Once the haif-b?£k £ffe"rT^^ " * Whether to attaa P t to write a half JPEG 
requests a write access to M^SS^T^ a h * f block, the state mafhS 

mg to the first 64-bit value to be written. SZftfSftK 5T£* ^ 8ddress - «>-espond- 
access of 4x64 bits is issued by the CDU TheDn j7, * ' addieSS 1,16 value in each 

fourth 64-bit values). The stateLclJne fce^aS ^o retehTa^ fOT *» Sec ° nd - -5 

mg a read of 4 64-bit values from the halttto^^S^ f fr ° m me DIU 

put cdu_diu_wvalid is asserted in the cycle after rd a^vt asserting rd_adv for 4 cycles. The out- 

the oftuftufa. bus and * ^ D DW ** *** « P^ent on 

« then sent to the half-block bufferTterface to " DRAM " A ^-^J^O/oot pulse 

^nowbeav^abletobewrittento^ 

cleared and lwr_halJblock ZSS^i^T ^ ^ m0tol 311 counters and flags should be 
bufatan^+nuLj.uJZi* buff^tart_adr and upr_halfblock_adr getsloaded with 

// assion write address output to ORAM 

Cdu_diu_wadrt6:SJ =00 // ^„^„ 

// corresponds to linenumber. only first add™*, 4 
// issued for each dram access Thus Iin» 1 ? 
cdu_diu_wadr t < ;3] . color " The -nerstes these "ts o^e^dress 1 ^ 8 °" 

if (half == x> then 

eia cdu_diu_ wa dr t21:7j . upr_halfblock_adr „ for lines of ^ ^ 

c d u_diu_«adr l2i:71 . ^.halfMoc^dr „ for ^ ^ ^ 

// update half, color, block 

if <rd_«dv_half_b l0 ck « 1, then eSSeS ° fter each DRAM write Access 
if (half i> then 
half = o 

if (color max^piane) then 
color t 0 

" Pulse k wrrd V tline OCk> " ™" ° f writi ** - line of JPEG blocks 

block = 0 

if rupr_halfb lock _ adr adrTthen * °" Set 

upr_halfblock_adr = buff s^art »Z V 
elsif (upr_halfblock adr + 1 ""*-* l ! ek * 1 

eis UPr.halfblock_adr-= buff^t^ " b " f f - end -«<*> then 
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upr_halfbiock adr = uor halfhi^v ^ 
else " "P^halfblocJ^adr + max_block + 2 

block ++ 

upr_half block adr + ♦ // mrvT _ „ 

else " " ™ v * to address for lines 4-7 for next block 

color 

else 

half = i 

if (color max_plane) then 

if (bloc, « then „ ^ of witing a of jpEG biocfcs 

lwr_halfblock_«dr _ buf f.sta'rTadr bu "-*nd_adr> then 



else 



lwr.haafblock_.dr = lwr_halfblock_adr ♦ max_block + 2 

lwr_half block adr ++ // 

// move to address for lines 0-3 for next block 



else 
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Go 0=0 
cdu_dlu_wreq » 0 
cdu_diu_wvaBd = 0 
rd_adv « 0 
rd_adv_half_btock«o 



Regit nqprffl n __ ff 
cou_aru_wreq = 0 
cdu_dru_wvalfd = 0 
rd_adv a 0 

<xLedv_haff_block * 0 

T 

reset 



idle 



c 



j 



odu_dUj_wreq • 0 
cdu_diu_wvaJfd o 0 
rd_adv « 0 

rt-.arfv_haff_bk>ck c 0 



req 



c 



> 



cdu_dlu_wreq » 1 
cdu_dtti_wvaud = 0 
rd_adv £3 o 

rt_adv_ha^btock = 0 



ack 



c 



dfu orfi* y vacfa o,^ 
cdu_diu_%VT9q * 0 
Cdu_diu_wvaUd « 0 
rd_adv a 1 

rd_adv_haJLbtocK - 0 



read 



c 



3 



cdu__dlu_wreq m 0 
Odu_dtii_wvaDd ■ 1 
rd_adv «= 1 

rd_adv_half_Wock = 0 



write 1 



c 



3 



cdu_cfiu_wreq » 0 
cdu_diu_wvaHd ° 1 
rd_adv » 1 

fd_adv_half_btock a 0 



write2 



c 



J 



cdu_dlu_wreq = 0 
cdu_d/u_wvalld = 1 
rd_adv a 1 
rd_adv_haff_block = 



write3 



c 



d 



cdu_jdiu_wreq = 0 
cdu^dlu^wvatid e 1 
rd_adv « 0 

*d_adv_hatLWock*0 



write4 



> 



Cdu_diu_wreq = 0 
odu_dtu_wvaJtd a 0 
id_adv = 0 

rd_adv_ha!LWock » 0 



Figure 105. State machine to write decompressed contone 



data 



Ooc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 flSV 2002 
Page 285 



SoPEC : Hardware Design 



22.5.9 Contone line store interface 

» —ol over the shared resource in 
The contone line sto re hJ^^£*2^*^."* ^S™ rcads *"» ^at-a-tixne 

write to. Thus the size of the line store inD^JT^^ 1 T D ° W becomes fr «* ^ CDU to 
line store interface is 8 lines, pmS^u^buff- ^ 3 ^ °, ^ minimum size ° f 

scheme while 16 lines provides^Tb^S ^ sizes « 12 for a 1.5 buffer 

sss D^s^reS t^^s^-^-v ^ ° fthe numb - 

set to the value of m^A^ T^e C W^v o^L t f ° * h ^-^avail is 

available for 8 lines, indicated wher TtheUnTtlZ „* , * ° T*.* DRAM 35 lon * * space 

writing 8 lines, the write control^?, snJsZCa^^Zll " CDU ^ **** 

CPU. and n^^y is cfcc^T^ ^ ^00^ T ^ ^ 

itnnishes.adingther,^^^ 
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23 Contone FIFO Unit (CFU) 



23.1 Overview 



^ZSS^SSSl SS^SSf JJ ^ thC dCC ° m P— d «— -a layer from the 
color inversion in ^S^S^S^^T^ *"* YQCb t0 RGB f °" OWed * «SS 
formed in the horiltal JvcScTdi e^ by ft™ I^J *" ^ ° f * P~ 
prmter resolution. Non-integer scaling is sJ^bSl? ^ * C °, ut P ut to ** «CU matches the 

23.2 Bandwidth requirements 

JtS^S £5°" ** fr0m ^ ** ™^ * ««* *» - « which the contone data 
factYs^ 

direction is performed at the ontpJoT^CFUo^TXefb^S "1?° Rcplication in ftc X 
turn is performed by the CFU reading each lineTnuSw ^ ^ S ^ rc P hcation in the Y direc- 
DRAM. The HCU generates 1 doUbf-Si„ "*™*»g to the Y-scale factor, from 

1 side per 2 secon* 'telS^ ^SKSiS^ 1 ?^ ^ to a P rint ^ of 

color contone pixel (32 bits) SFc££ Su^l r ^ t0 be a 4 

from DRAM at 5.33 bits/cycle' W * t W 4 001015 at 267 PP f the Cp U must read data 

23.3 Color space conversion 

bT^oXTSE^ ^ , be C - **• — represented 

and K, directly represented by S *T f ^ F ° r eXamp,e> ^ four co,ors m W ** C M, Y, 
multi-SoPEC Sng SS, exL c2o5 ' °° tal ^ rCpreSent meta "* *™ etc. for 

SSJKLS.* *S "f'^r 1 ^ WhCn and chrominance 

luminance wJLta «^^J^£Z£2T * 1 " aia "^ C, M and Y each contain 

for* provide the mean, by which C^^l^ZT^C^V^T ^ ^ *- 
sion. F u oorci^ as YCrCb. It does not need color conver- 

c^restd 8 ^ T ^ f ° RGB ' thCn l ° YClCb - d *- ^aHy JPEG 

to CMY. ^P^™- *e YCrCb data is obtained, then color converted to RGB, and finally back 

^— ^ the actual hardware 

are normals to occupy all 256 levels of an 8-bit binary enSSg OT ^ ** Cf ^ Cb 

The CFU provides the translation to cither RGB or CMY RfiR ic ; n ,,..A a ■ ■ ■ 



I. 32 bits/ 6 cycles = 5.33 bits/cycle 
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^TSUS^ Z EG , ^ " C ° ,0r Sp3Ce «««»■ - of: 
l color plane, no color space conversion 

• 2 color planes, no color space conversion 

• 3 color planes, no color space conversion 

• 3 color planes YCrCb, conversion to RGB 

• 4 color planes, no color space conversion 

' 4 J!!!l P,aneS YClCbX * C ° nVerSkm ° f YCrCb t0 RGB ' n ° col ° r version of X 
Tne YCrCb to RGB conversion is described in fl41 Note that if a * • 

23.4 Color space inversion 

£^o^ 

may be used to provide plana? correlanon * be W ^ ° r <° 

255 ^ C ° nVersion is « hwn fa y *• relationship: 

• M = 255-G 

• Y = 255-B 

Tb^retationships require the page RIP to calculate the RGB from CMY as follows: 

• G = 255 - M 

• B=255-Y 

23.5 Scaling 

seated by a numerator and a Sr^rAS^ r ?P non-integer scaling with the scale factor repre- 

numerator 

if (count * denominator - numerator >= 0) then 
count = count * denominator - numerator 
advance = 1 



else 

advance = 0 



count = count + denominator 
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Lead-in and lead-out clipping 

££P^5£i232#!£r 8 " "** ' - CFU) - te » * ■« 

block n below) will be die last ipfo hi J£r J .• „ on ^ boundary of the 2 SoPECs (JPEG 

ately setting the LeadOutCliDNum Pixel* •« tWc roc/- ui , 5 *orfaC #1 are ignored by appropri- 

at the beguLg ofeacuS^n^fcJof fi^t^-lT^ 80 ?? #2 mUSt ^° rcd 
LeadlnClipNum register. P 8n ° rcd at start of «"* ,ine * specified by the 

ItmayalsobethecasethattheCDUwrit«niitm«~. n>c^vi . , 

as shown for SoPEC #2 below. ^l^ZZZ Z f^tT " read * the CPU. 

spend to JPEG block m but the value forThe IZs? I A*"*/** regI5ter « CDU is set to corre- 
block «-/. Thus JPEG bSr^oTrSdt by^C^ rc8,Ster " ^ CFU * Set t0 C °™*°« d t0 ™G 



SOPEC #1 
lead-in area 



, SoPEC 02 SoPEC #1 
lead-in area t tead-out area 



SoPEC #2 
tead-out area 




SoPEC #1 prints left 
side of page 



SoPEC #2 prints right 
side of page 



Rgure 106. Lead-in and lead-out clipping of contone data In muni-SoPEC environment 

trols the scaling of the last va^ixe iS^ltcHcT ^ " *" rcS ° 1Uti ° n Md «~ 
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23.7 Implementation 

Figure 107 shows a block diagram of the CFU. 



r 



DRAM Interface Unit 



f 

I 

i 



Contone 
Decoder Unit 



decompressed 
contone buffer 



wr_t>uff, rd_boff 



17 



wr_en, rd_en 



t Ss wr_sel[l:Ql t rd_setf2;07 



Y-scaJrng 
control unit 



,'32 



"t it t t t 

! 1*3 3 



K Cb Cr } 
color space converter 
C P3 cp2 cp1 cpO 



jyCrCh2RGB 



FTTT 



hTven_coJor_p[ane 



13/ 



T5' 



15 



configuration 
registers 



,'32 



output 
double-buffer 



wr_buff, rd_btrff 



wr_en. rd_en 



f Q yf8 48 

E 



I 

3 

a * * t 



- Iine8 ok 


► 

to read 


. ,r 

contone 
Ijne store 
interface 





X-scafjng 
control unit 



,'32 



Contone 
FIFO Unit 



i 



LA 



Halftone/Compositor Unit 



1 



PEP Controller Unit 



Figure 107. Block diagram of CFU 
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23.7.1 Definitions of I/O 

Table 101. CFU port iist and description 



Clocks and reset 



pdk 



prst_n 



PCU Interface 



pcu_cfu_sef 



pcu__rwn 



pcu_adrl6:2) 



pcu_dataout[3l:0] 



cfu_pcu_idy 



cfu_pcu_data[3 1;0] 
DIU interface 

cfu__diu_rreq 



diu_cfu_rack 



cfu„dlu_radr(21:5j 



diu_cfu_rva!rd 



jiu,data[63:0] 



cdu_cfu_wradv8Qne 



cfu_cdu_rdadvfine 



HCU Interface 



hcu_cfu_advdot 



cfu_hcu_avai! 



_Jn I System dock 



In 



System reset synchronous active low. 



in 



32 



In 



In 



Block select from the PCU. When pcu_cfu_set is high both 
pcu^adrand pcu_dataout are valid. 



Common read/not-write sfgnai from the PCU. 



In 



Out 



PCU address bus. Only 5 bits are required to decode the 
address space for this block. 



Shared write data bu s from the PCU 

ZTSL** 1 ? *, t B PCU - ™™ *^P°^*y 13 high it Indicates 
the last cycle of the access. For a write cycle this means 
pc^dataout has been registered by the btock and for a read 
cycle tho means the data on cfu j?cu_data is valid. 




17 



64 



In 



^ U J^ ^"fst. active high. A read request must be accom-" 
panted by a valid read address. 



Out 



In 



In 



Acknowledge from DIU. active high. Indicates that a read 
request has been accepted and the new read address can be 
placed on the address bus, cfu dlujradr. 



CFU read address. 17 bits wide (256-bit aligned word). 



Read data valid, active high. Indicates that valid read data is 
now on the read data bus, diu_data. 



Read data from ORAM. 



In 



Out 



J"* 1 * 8Iine Pu'se. active high. Indicates that the COU has fin- 
isned writing to 8 lines of decompressed contone data to the cir- 
cular buffer in DRAM and the data is available to be read by the 



Read line pulse, active high. Indicates that the CFU has finished 
reading a line of decompressed contone data to the circular 
buffer In DRAM and that One of the buffer is now free 



Jn 



Informs the CFU that the HCU has captured the pixel data on 

^r^Tl 0 : 3 ^ ,ines and *** CFU now P^ce the next 
ptxel on the data Irnes. 
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23.7.2 Configuration registers 



The configuration registers in the CFU are programmed via thp Pri r „ d r 

PFlf WT^ bits of the PCU address bus are not required to decode the address space for the 

S JSlSfSI X co T ,s ess than 32 bits 2eros should be retumed on the 5 « uTuS 

oi«.s; ot cju_pcu_dat a . The configuration registers of the CFU are listed in Table 102: 
Table 102. CFU registers 



Control registers 



| 0x00 
J 0x04 


Reset 
Go 


1 
1 


0x1 
0x0 


_ A write to this register causes a reset of the CFU 

Writing 1 to thts register starts the CFU. Writing 0 to this 
register halts the CFU. 

When Go is deasserted the state-machines go to their 
idle states but aii counters and configuration registers 
keep their values. 

Tvnen uois assenea ail counters are reset, but configu- 
ration registers keep their values (I.e. they don't get 
reset). 

ine uru musi oe started before the CDU is started. 
This register can be read to determine If the CFU is run- 
ning 

(1 - running, 0 - stopped). 


| Setup registers 








I 0x10 
I 0x14 


MaxBlock 


13 


0x000 


Number of JPEG MCUs (or JPEG block equivalents, i.e 
8x8 bytes) in a line - 1. 


1 0x18 


BuffStartAdr 


15 


0x0000 


Points to the start of the decompressed contone circular 
buffer in DRAM, aligned to a half JPEG block boundary 
A half JPEG block consists of 4 words of 256-btts, 
enough to hold 32 contone pixels in 4 colors, i.e. half a 
JPEG block. 




BuffEndAdr 


15 j 


0x0000 


Points to the end of the decompressed contone circular 
buffer in ORAM, aligned to a half JPEG block boundary 
(address is inclusive). 

A half JPEG block consists of 4 words of 256-bits, 
enough to hold 32 contone pixels in 4 colors, i.e. half a 
JPEG block. 


J 0x1 C 


4LineOffset 


13 


0x0000 


Defines the offset between the start of one 4 line store to 
the start of the next 4 line store. In Figure 1 08 on 
page 294, if BufStartAdr corresponds to line 0 block 0 
then BuffStartAdr + 4UneOffset corresponds to line 4 
block 0. 

This register is required in addition to MaxBlock as the 
number of JPEG blocks in a line required by the CFU 
may be different from the number of JPEG blocks in a 
line written by the CDU. 


0x20 


YCrCb2RGB 


1 


0x0 


Set this bit to enable conversion from YCrCb to RGB. 
Should not be changed between bands. 
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Table 102. CFU registers 



0x24 



0x28 



0x2C 



0x30 



0x34 



0x38 



0x3C 



0x40 



0x44 



23*7.3 



InvertCotorPlane 



Hcli Line Length 



LeadlnCfipNum 



LeadOi/tClipNum 



XstartCount 



XscafeNum 



XscaleDenom 



YscaleNum 



YscafeDenom 




0x0 



0x0000 



0x0 



0x0 



0x00 



0x01 
0x01 



0x01 



0x01 



Set these bits to perform bit-wise Inversion on a per color 
plane basis. 

bitO - 1 Invert color plane 0 

- 0 do not convert 
bit1 - 1 invert color plane 1 

- 0 do not convert 
blt2 - 1 invert color plane 2 

- 0 do not convert 
bit3 - 1 invert color plane 3 
Should not be changed between bands. 



Number of contone pixels - 1 in a line (after scaling) 
Equals the number of hcu_cfu_dotadv pulses - 1 
received from the HCU for each line of contone data 



Number of contone pixels to be ignored at the start of a 
fcne (from JPEG block 0 in a line). They are not passed to 
the output buffer to be scaled in the X direction 



Number of contone pixels to be Ignored at the end of a 
line (from JPEG block MaxBlock in a line). They are not 
passed to the output buffer to be scaled in the X drrec- 
tron. 



vafue to be loaded at the start of every line Into the coun- 
ter used for scaling in the X direction. Used to control the 
scaling of the first pixel in a line to be sent to the HCU 
This value will typically be zero, except in the case where 
a number of dots are clipped on the lead in to a line. 



Numerator of contone scale factor in X direction. 



Denominator of contone scale factor In X direction. 



Numerator of contone scale factor In Y direction. 



Denominator of contone scale factor in Y direction. 



Storage of decompressed contone data in ORAM 

The CFU reads decompressed contone data from DRAM in single 256-bit accesses JPEG hlorVc „f 
decompressed contone data are stored in DRAM w ,th accesses. Jrb,G blocks of 

SS£ £££ mCanS th3t *■ CFU rCadS 64 ' bitS in 4 CO,or * from a *** ineach 
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4 lino 
store 



ORAM word p 
DRAM word p+4 



DRAM 



JPEG block 0 
linos 0 to 3 



JPEG Woe* 1 
lines 0 to 3 



DRAM word p+4n 

— DRAM word q 
« 

DRAM word q+4 



JPEG block n 
KnesOtoS 



4 fine 
store 



JPEG Week 0 
Ones 4 to 7 



JPEG block 1 
lines 4 to 7 



DRAM word q*4n 



JPEG block n 
Unes4 to 7 





255 191 127 63 0 




C3^0 1 C2LO i nun i COLO J 




C3^1 I C2L1 i mil | COL1 




C3^2 » C2L2 i H1I9 I C0L2 J 




C3J.3 I C?I3 t Ciia I ry^ 






C3J f 4j_C2L4 i C1L4 i rn U 




C3^5 i C2L5 i C1LS ! C0L5 




C3y6 i C2L6 t C1IA I <-«ia 




C3^7 i C2L7 I CU7 t C0L7 



word q 
word q+1 
word o+2 
word q+3 



«« Implies one 256 bit read of a word in DRAM 

CX - Color X 

LY - Una Y or 8 bytes of a line in a JPEG block 



Figure 108. DRAM storage arrangement for a single line of JPEG blocks in 4 colors 

sequence, as shown in Figure 108, is 



The CFU reads data line at a time in 4 colors from DRAM. The read 
as follows: 



line 0, block 0 in word p of DRAM 
line 0, block 1 in word p+4 of DRAM 

line 0, block n in word p+4n of DRAM 

(repeat to read line a number of times according to scale factor) 



line 1, 
line 1, 
etc. 



block 0 in word p+l of DRAM 
block 1 in word p+5 of DRAM 



23.7.4 Decompressed contone buffer 
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23.7.5 Y-scaling control unit 

DRAM in single 256-bit accesses nS £ l^n. ecom P ressed c ° nt °«e data is read from 

The protocol Ind timing fofreS SeS f to ot^ H J^T" 4 Cl ° Ck CyC,eS (64 - bits ^ r 

*^t£^ ^0 to 1 ail counte, and nags 

buff_ok_to_ W ite flags to tell it wheme A^ttlot to ^H , ""f^* ° D lUl ^_ok_to_read and 
When line8_ok_,o_read is 0 ^ s^ e nSe IT ?° ° f " m P r f sed ~e data from DRAM, 
-cmnecontmuestoloadda^ 1 «he state 

space available in the buffer. P contone buffer up to 256-bits at a time while there is 

<^o,£etrr^ 

■hat writes are to occur to. ° CC ™ a single bit (wrjafl for the curtetrt buffer 

of data from DRAM to the buffer sele^tedtylS^I ^ " m " tod t0 Write * e ^ 

«U. and ^ gets bJ^^Si^^^^^^^ *■ buffer by asserting 
write the data to the output double-buffer of I Cmth m ^, ! h " * e fo,Iowin 8 to 

b 1 1 1 and nu. is asserted t^gfi^St s^d^jSt^' ** ^ ^ 

before me CPUmoves 

oiiectioo Is thus performed °»P'«se<l contone data. Scalrng to the pnnthead resolution io the V 

u~s front DRAM. Ttol^ZSZ^SttZtSX^^ 

t » j 



// assign read address output to DRAM 
cdu_diu_wadr ( 21:7j = curr_halfbloc)c 

CQU Hiii Mns4^rc,ci . . 



cdu_diu_wadr[6:5) = lined 



0} 



" FZZ]2&^\ yM ^*** - d » dd — atter each DRAM read access 

" biocfcVo m ^ block ' f- // -d of reading a line of contone in up to < 
// check whether to advance to next lino ~p . 
P^RdA^ne y - a « le —' * y-scale.sieno*, - 



colors 



if <"« =» 3, tnen . „ end of reading < Xine sto.e of contone data 
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-S3 



line 



1 — - 

curr_halfblock = buf restart _adr 
line_scart_adr = buf fLstart_adr 

^'^t^j^"" - — 

lme_start_adr = buff_ st art adr 
else ~ 

curr_halfblock » li ne _ star t_adr ♦ « ine offset 
lane_s tart _ adr . i ine _ start _ adr , 41i J^J£^ 

else 

line ♦+ 

curr_halfblock = line_start adr 
else - 

// re-read current line from DRAM 

curr!h^loL 3 y 7 SCaIe - COUnt ♦ y-scale.dencn, 
curr_halfblock = line_start adr 
else "* 

block 

curr_halfbloc)c +«■ 
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cfu_diu_rreq = 0 

wr_sel s o 
wr_adv_buff = 0 



cfu_diu_rreq c o 

wr_sel *= o 
wr_adv_buff « 0 

reset ^ 



1 


r 


^ idle 




cfu_din_rreq = 0 
wr_adv,buff « 0 

r 



c 



req 



c 



> 



buff pK to write 

c*u_diu_rreq » i 
wr_serf * 0 
wr_adv buff =. o 



ack 



c 



J 



cnufhijrreq « 
wr_set oo 
wr,adv_buff« 



readl 



c 



3 



cui_dttj_jroq o O 
wr_sef = o 
wr_adv_buff c 0 



read2 



c 



3 



dki Cftt nmffrj •! 



cfu_dru_rreq = 0 
wr_advjbuff = 0 



read3 



rfiu 
cfu 



U Cfti n^fTH , 



Ldiu_rreq = 0 
wr_seJ«2 
wr_adv_buft = 0 



Q read4 "\ 



_rreq 
wr.sel « 3 
wr_adv_buff 



Figure 109. State machine to read decompressed contone data from ORAM 
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23.7.6 Contone line store interface 

The contone line store interface provides the Z£l?. f ' "^ thc CFU reads 1,16111 K»e-at-a-time 
DRAM, and provides signa. s so EE+ZZ ^S^SS* ^ ? ^ ° f lines sto ^ 
ten. 81 en line cannot be **d from until the complete line has been writ- 

DRAM when the CDU has wnitfo^ ma > «*gin to read from 

fees, it sends an cdu_cfu_^ 8 line X to T era Z / ** F° U haS « 
CFU may continue reading from DRAlS J I jSf f^ ^' 7 ' 5 Ceremented by 8. The 
set while buffjines.availis greater than fl "wS, ft ^--W av^/ is greater than 0. Iine8_ok_ to _read is 
from DRAM, the Y-scaling iJ^J^5ST ,B ? ^ filUshed readin 8 a ^ of contone data 

CDU to free up the hne in the wiTSSf JS£TJS h COnt ° ne St ° re - d » 

v/W pulse. KAM - bu -U-""es_avail is decremented by 1 on receiving a /fc£4</- 

23.7.7 Color Space Converter (CSC) 

latency of a. convert YCkCbTSfflB uS^SSTn? t"""" X 0 "* RGB "<«*■ Note the, the 
Ph»e .c it bypass the ,,„**. • W0< * ,S ' '"■"9' be eooeliced for the 4th color 
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Figure 1 1 0 shows a block diagram of the color 



space converter. 




cpo 



> cpi 



> Cp2 



*-cp3 



23.7.8 



fnve*1_cofor _plane 



Figure 110. Block diagram of color space converter 

S o3S ^^T^^^^^ ™?+ only 10 bits of coefficients are 
veraon is implemented as follows- ^ 8CCUraCy 15 ^^ined with 18 bits. The con- 

. R* = Y+(359/256XCr-128) 

-' B::v Y ; < ( ^~■ <m56XCb -' 28, 

X-scaling control unit 

f^S^^ converter and the HCU. The 

the mechanism for keeping track of E^tSSli £i V" ^ ^ reS ° ,Uti ° n ' P rovid <* 
read from untU it has been written to. Wnte buffers ' 30(1 ^ a buffer cannot be 

A bit is kept for the status of each 15 hit k..<t t a- 

for the current b^^^^^^.^fPJ. » also keeps a single bit 
that writes are to occur to. from ' 311(1 a s,n gle bit {wrjbuff) for the current buffer 

~ 5 1 * rixeIS in ™ lead-in and lead-out areas are 



1. -179 is saturated to 0 

2. 135.5, with rounding becomes 136. 

3. -227 is saturated to 0 
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leadout_clip_num) ) ) then 



if (wradv i) th e n 

U S^Vo' "«» then 

else 

pixel_count ++ 
if <<pixel_count < leadin.clip nxm) 

wr_en T 0 (PiXel - Count > Hmax^block, bill) 
else 

wr_en = i 

When a ^ pulse is se nt to the output double-buffer, buff avail fwr buff? is set ^u,,^ • 

The output cy5,_Ac«_ava//eouaIs avail frd buffi * V ^ ™^ 

HCU that dam is available* be ^ZZV^ ^HCU^Tt *' ** indfc *» to 

r^pi^rr^- 

algorithm for non-integer scaling is ZSdTS f ^5 ^^^d by pixel replication. The 
loaded with x Jt an_cL, afte^t S ftneld of ST^S? ^ N ° te ' should be 

firstpixelisscaledby.Acu /me /e^/Tand!- S ' 7£* C0Mlo,s 1,16 «««« b Y which the 
line that is sent to the HCU is scXy ha ^-^>' control the amount by which the last pixel in a 

if <hcu_ceu_dotadv == l) then 

* x — 8 cale_count + x seals 

x_ S cai e _count - x^caT« " x - scalo -"«™ >- 0) then 

else 

else 

x scale.count » x_scale_count 
rx3_en = o 

When a ^ pul is received> ^ . ^ ^ ^ ^ ^ 

recerved, then a n/_e„ pulse is genrated toprTentXnl^ f^. ^ and a ^-^-^adv pulse is 
reset to 0 and x_^/e_co K « is loaded ^Z^cout. ° f *" CFU » *<-^-«™' is 
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24 Lossless Bi-level Decoder (LBD) 



24.1 Overview 



Ess r Trr from ^ - lbd * - 

the number of lines to decompress. *tTo^ • "*? ( decom P rc «ed) line, and 

compression, the LBD can cope with anv^nrtc? T r V ° iS to be Me to P™ 1 at 10:1 
pass-through mode is pro^Sd fwf ,3 ™ rah ° ,f *f re< * uested DRAM access is available. A 
50:1. Lossless bi-levef co^prtssTon JS^Z^ZT- * ratio of about 

which compress poorly. Crage page ,s 81,0111 20:1 10:1 possible for pages 

S^Sfil/S? SSSfSSo^ u?ZT Sed bi - ICVel ^ ^ »~ * «*- data is 
unit) for the next stage fa'S-SJ J ZZ^l^t " * HCU OHalftoner/Com.H.sitor 
is used by the PCU L is mffi!?2^J£SS ^ * ' Wjf ™ WW "ag that 



ORAM 
Interface Unit 



fod^finrshedband 



PCU 


4 


LBD 







Spot Fro 

Unit 



HCU 



24.2 



Figure 111. High level block diagram of LBD in context 

Main features of LBD 

Figure 1 12 shows a schematic outline of the LBD and SFU. 

at 1 600 dpi. ^ mC DUffere must th «refore be long enough to store a complete line 

PECl LDB outputs 16 biS pa^uel f tSatS S W "7 Wi,, ^ ^ 1 d0t/cyde - ^ 
the LBD in SoPEC can run much faster than U Suirel ? ° n ^ ^ I SoPBC Therefore 
processing latency, to be absorbed required. This is useful for allowing stalls, e.g. due to band 

grammed number of bits, wmc^erSS ^^e sSciTnTSnl^ ^ ^ ° f * pre - pr °- 
length code, followed by pass through. run-length code ,s always executed as a run- 

s^-TSmp^ in the Spot FIFO Unit (SFU). Tnis 

lines up ,o a prograrnmabTe nlbe^nS tS^l^TT St ° red in DRAM ' ™™Ll\y 3 

^^^^ 
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Si 



Kbytes of storage. ^ 17KbyKs of storage. An A3 line of 19488 dots requires 2.4 

nj LBD Srashed bend s.gnnl „ nxpoerad to the PCU and is nddio^ ^ to the CPU as an in*,- 



LBD 



SFU 




FIFO 



DECODE 



A* 



DRAM read 



All FIFOs are 64 bytes 
(twice the DRAM data 
word width) 



FIFO nextjfne FIFO prevjfne 



64 

» DRAM 



DRAM read 



FIFO currjine 



rRcu" 



Figure 112. Schematic outline of the LBD and the SFU 
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24.2.1 Bi-Ievel Decoding in the LBD 



2 a^;%ai^«— ***** GrouP 4 comprc , 

length encoding, The *^£^£?£~ SlIST "* ^ 

L^T^^T^ 4 ^'T' 6 ^ C ° m — i "" codings 



pooo 
1 



2f 

3 o 



110 
010 



* I 

e 

f! 



110000 



010000 



100000 



000000 



<RLxRL>100 



Pass Command: aO <- b2. skip next two edges 



Veft!caJ(0); aO <- bl. cotor s icolor 
Vertical(l): aO <- bU 1. color t^T 



Vertfcal(-i):a0<-b1-l. color = fcotor 



Vertical): aO<-bl + 2, color «= fcotor 



yeftlcal(>2):a0 f^bl - 2. color = !cotor 



Vertical): aO «- b 1 + 3. color = Inn^r 



VertteaJ(-3): aO 
Horizontal: aO «- 



bl-3, color = fcotor 



aO + <RL> + <rl> 



P- through mode is activated 

number of bits, whichever is shorter The^^f™ ! * Cr ° f ,ine or for a Pre-programmed 

™owed by pass through. ThT P^^h^^^^^^ " ' ""'"X^ 
than or equal to 3 1 . ^ 1S a med "™ length run-length with a run of less 

in . b ' e r? 4 " Ru n <ength (RL) e ncod *"g* 




5f 



RRRRRRRRRRRR RRR00 
RRRRRRRRRR RRRRR00 



Medium White Runlength with RRRRRRrr « 
Enter pass through 



Long Black Runlength (is bite) 



Long White Runlength (15 bits) 
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the coding scheme of Table 104 it is still le«al to wnt ,^ , * T However under 

or long runlength. The LED has 
command <»n fcuning this ntnlength is d«S ^S^SSSS? T *" 
mode and the bits following the nmlength is un-compS STtII ^ ?k P3SS 1,110,1811 

either a programmed number of bits or the end ofSe E hSf" * ° f bltS to pass throu 8 h * 

^~*ecu„ 



24.2.2 ORAM Access Requirements 



interface to the DIU. The LBD's DIU bandwidjh requirement are aarmmaiizrf to^^IelM^ ' W ^'* r ™ ' tt 
Table 105. DRAM bandwidth requirement* 



Direction 



Read 



Maximum number of 
cycles between each 
25643rt ORAM access 



256 1 (1:1 compression) 



Peak Bandwidth 
(bits/cycle) 



1 (1:1 compression) 



Average Bandwidth 
(bits/cycle) 



1 "•" / v -M^lQO 

11 Com P re *'° n «hc LBD requires 1 bicycle or 256 bite every 256 cycles. 



<>-1 (10:1 compression) 
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24.3.1 Definitions of IO 



Table 106. LBD Port Ust 



Clocks and Rese ts 
pclk 



cdu__endofbandstore{21 ;5] 
cdu__startofbandstore[21 :5] 



Jbd^nishedband 



17 



17 



Ibd_diu_radrt21:5] 



17 



64 



diu_lbd_rvaJid 



In 



In 



Global reset signal. 



In 



fn 



Address of the end of the current band of data 
256-fat word aligned DRAM addre ss, 
^dress of the start of the current band of data. 
256-brt word aligned DRAM address. 



Out 



Out 



Jn 



In 



SSS? 5 2™ read * A read W* must be accom- " 
parted by a valid read address. 



Read address to DIU 
1 7 bits wide (2S6-bK aligned word). 



Ad^edge from DIU that read request has been 
accepted and new read address can be placed on 



In 



Data from DIU to SoPEC Units. 
First 64-bits is bits 63:0 of 256 bit word 
Second 64-bits is bits 127:64 of 256 bit word 
Third 64-bits is bits 191:128 of 256 bit word 
Fourth 64-bits | 3 bits 255:192 of 256 bit word 



f££ ^ m ?y^ lln9 SoPEC Unit ^ data is 
on the diu_data bus 



pcu_rwn 



pcujbd.sel 



In 



Out 



In 



PCU address bus. Only 4 bits are required to decode the 
address space for this block. 



Re^y signal to the PCU. When ibd_pcu^rdy is high it mm-" 
cates the last cyde of the access. For a write cycle this 
means pcu_dataout has been registered by the block and 
tor e read cycle this means the data on tbd_pcu__datain is 



sfu_fbd_rdy 



lbd_sfu_advi!ne 



iboLsfu_pfadvword 



fn 



Out 



Ready signal indicating SFU has previous line data 
avariabJe for reading and is also ready to be written 
to. 
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24.3.2 Configuration Registers 



Table 107. LBD Configuration Registers 




A write to this register causes a reset of 
the LBD. 

This register can be read to indicate the 
reset state: 

0 - reset rn progress 

1 - reset not in progress 

Writing 1 to this register starts the LBD 
Writing 0 to this register halts the LBD. 
The Go register is reset to 0 by the LBD 
when it finishes processing a band. 
When Go is deasserted the state- 
machines go to their idle states but ail 
counters and configuration registers keen 
their values. 

When Go is asserted all counters are 
reset, but configuration registers keep their 
values (i.e. they don't get reset). 
The LBD should only be started after the 
SFU is started. 

This register can be read to determine if 
the LBD is running 
(1 - running, 0 - stopped). 



Width of expanded bHevel line (in dots) 
(must be a multiple of 16 bits). 



Writing 1 to this register enables pass- 
through mode. 

Writing 0 to this register disables pass- 
through mode thereby making the LBD 
compatible with PEC 1 . 



Number of dots for which pass-through 
mode win last. If the end of the line is 
reached first then passthrough will be disa- 
bled. 



0x18 



NextBandCurrfleadAdn:2l :5J 
(256-bit aligned DRAM address) 



0x0000 
0 



Shadow register which is copied to 
CurrReadAdrwhen (NextBandEnable — / 
&Go = 0). 

NextBandCurrReadAdr is the address of 
the start of the next band of compressed 
bMevel data in DRA M. 

Shadow register which is copied to Lines- 
Remaining when (NextBandEnable 1 & 
Go = Q). 

NextBandUnesRemaining\sM\e number of 
lines to be decoded in the next band of 
compressed bHevel data. 
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Table 107. LBD Configuration Registers 







mm? 
mm. 




0x20 


i 


1 


UAU 


^ ,<xuuw » egrsier wnicn is copied to Prev- 
UneSource when (NextBandBnabte = f 
£Go:=0). 

1 - use the previous line read from the SFU 
ror aecoaing tne first line at the start of the 
next band. 

0 - ignore the previous line read from the 

SFU for decodinn the*. Unit tina. 

. wwuiiiy uit; nisi line at tne start 

of the next band (an all 0's line is used 

Instead). 


Work registers (re 


NextBandEnabie 
ad onfy for external access) 


1 


0x0 


If (HextBandBnabre^l &Go^=0) then 
-NextBandCurrReadAdr is copied to 
CurrReadAdr, 

-NextBandUnesRemaining is copied 
to UnesRemaining, 
~Next3andPrevLinaSt%itrna <c Ami^ 

-w ioru;«JkjyUfUJ IS COO ISO 

to PrevUneSource, 
•Go is set, 

-NextBandEnabie is cleared. 
To start LBD processing NextBandEnabie 
should be set 


0x24 

0x28 ~~j 


CurrReadAdrf2l;5J 

(256-brt aligned DRAM address) 


17 




The current 256-bit aligned read address 
within the compressed bHevel image 
(DRAM address). Read only register. 




UnesRemaining 


15 




Count of number of lines remaining to be 
decoded. The band has finished when this 
number reaches 0. Read only register. 


0x2C 
0x30 


PrevUneSource 


1 




1 - uses the previous line read from the 
SFU for decoding the first line at the start 
of the next band. 

0 - ignores the previous line read from the 
SFU for decoding the first line at the start 
of the next band (an ali 0*s fine is used 
instead). 

Read only register. 


0x34 


CurrWriteAdr 


15 




The current dot position for writing to the 
SFU. Read only register. 




RrstUneOfBand 


1 




Indicates whether the current line is con- 
sidered to be the first line of the band. 
Read only register 



24.3.3 Starting the LBD between bands 

"S^^^^^l^ 1 ^ * P"*™* with a stan address for the compressed 
The LBD'^^iBam^^^^Z ^^^ r *° d * C0Unt of how «W »«« <° decode, 
and then stops. etaSS^wSKw J "U? LB ° Co) - ^ LBD ^codes a single band 

for the next ba^Se the * P " ""■J*****™* ™* LBD can then be Larted 

There »r. A u 7 deCOded hi ' 1 ™ 1 *«* ^e SFU. 
****** 4 mecha nisms for restarting the LBD between bands: 
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LBD restarts iCediSy ^ LB ° d — Co ' * already set so the 

c. The PCU is programmed so that Ibdjinishedband trieeers the PCU tn 

~nt^ /^WWtrigge, the PCU^f 

mands ™*» 
BandEnable for the next band ^ S Shad ° W rCglSterS and sets 
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24.3.4 



Top-level Description 

A block diagram of the LBD is shown in Figure 113. 



ORAM Interface Unit 



if e 

i I 



s.64 



07 



decoder unit 



Stream 
Decoder 



I 



^pass_through_doCtenflth 



_pass_through_enable 



pfey_lfn©_sourcQ 



Register and 



it t 



Bnes^remainrng 



fme_tength 



id 



Command 
Controller 



i 7 



_fod..finishedband 



^control ^ 


Next Edge - 




Unit 

4 




4 L 1 



UneFlU 
Unit 



Ibd.sfu. 



sfu. 



_Sftj_U d_rfy 



data 



datavaBd 



End of Band 
Unit 



pfadvwon j 



lbd_pkJata 



.acfvlioe 



1$ ibd|_sfij_wd{ 



dag 



wdatavafic 




Spot FIFO 
Unit 



Next 
Line Buffer 



Figure 113. Block diagram of lossless bi-level decoder 

The LBD contains the following sub-blocks: 



Table 108. Functio nal sub-blocks In the LBD 




Registers and 
Resets 



Stream Decoder 



Command Controller 



Next Edge Unit 



Une Fill Unit 



PCU interface and configuration reg[stersV^s7oeneiates ^oaToW 
Reset signals for the rest of the LBD 



face, it decodes the bit stream into a command with arguments which it 
then passes to the command controller. 



LnT^h ^rT^^ fr0m the Stream decoder P^e the Hne fiU 
unit with a limit address and color to fill the SFU Next Une Buffer It also 
provides the next edge unit starting address to look for the nexl edoe 



Scans mrough me Previous Une Buffer using its current address to find 
°' a ^° r provHled * me controller. The next 

™ S OU l PUtS aS the next CUrr6nt address b «<* to the commTnd 
controller and sets a valid bit when this address is at the next ed ge 

^ H^f ^ ^* BUffer * CO, ° r from te current address up to a 
limit address. The color and limit are provided by the command controlfe* 
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In the following description the LBD decodes data fnr ;»c ^ 

SFU's next line buffer. f ° r itS current dccode hne b « writes this data into the 

Naming of signals and logical blocks are taken from [18]. 
The LBD is able to stall mid-line should the <ivi i k» ..-.ui . 

line frame due to band processing tency ° * UnaWe to SUpply a P 1 ** 01 * °' receive a current 

24.3.5 Registers and Resets sub-block description 

K*. Toe regisrer oeaeripSoL f^L ™* ""*"" W » 

LBD ignores Ibe previa la, *"* » <-*• rf » « -"ten *« 

line regardless of what He our of lie SFU « W acrs as ,r,t , s receiving „|| 2CT0S for ttc 

previous 

pressed data stream. ^ 8 6001 *•* DrU ™ d commence decoding of the com- 

24.3.6 Stream Decoder Sub-block Description 

the empty space created by Se barrel SSSSi? ^ 6W * WOrd «"» FIFO «> nil up 
^acommand/^en^S^ 
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A dataflow block diagram of the stream decoder is shown in Figure 




EndOfBandStore 



Figure 114. Stream decoder block diagram 



24.3.6. 1 DecodeC - Decode Command 

The DecodeC logic encodes the command from bits 6 0 «f a- k.» -»™ 

mands: SKIP, VERTICAL and RUNLENGTH TJ™ f Stream t0 OUt P ut one of corn- 

consumed, which feeds bacT to thVb^fsS rigger " ^ * W many bi * 

^^^^ 

as a medium runlength this tell the Streak Decker tEa^S? T ? leSS than 3 1 • encoded 

length is decoded co mp tetely the LBdZctTpIss ¥?rM,ru T°f?, COminand ™" 
be anumber of bits mat represent w^ZsZd^^Y™™^ F ° UowU,g * e will 
all these bits have been decoded sTclSTXt tm ^ ^ PA SS.THROUGH mode until 

or the line ends, which ever c^S S * ^ 0nce 3 P"«»™n«» number of bits is reached 

24.3. 6. 2 DecodeD - Decode Delta 

ScoTafd^ 

15 bit number, which is generally consWered^o^To^ivl W ^ 3 ° D ,tS ° Ut P Ut delta is * 

** for - A4 page and iW do* fc^n iS^SS^ S^J^ T "** ^ * 1 3824 
pa S g yoi ^ A a 2 s complement representation of -3,-2,- 
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l^llworlc correctly for the data pipeline that follow, This unit also oufcuts how many bits were con- 
HtL 3 mSSE S^° de '^ C °^ DpaiSeS thC bitS that r ™ * e un-compressed dataand 

rStfen^rSS^^ f^° f f ^ * dCC ° de * « and white 

current color 

24,3.6.3 State-machine 

-/_o/_W_^. If the two a^equal cu^!^ ^ s ,IhL f * eon »" wd to 

memory addressing) Otherwise a^T'JZ , l0adcd Wth stan -°fJ>™d^tore (circular 

DRAM word size. cistance between them is a multiple of the 256-bit 

24.3,7 Command Controller Sub-block Description 
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Figure 115. Command controller block diagram 



24.3.7.1 State machine 
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The following is an explanation of all the states that the state machine utilizes 
* START 

« AWAITJUFFER 

state when the state machineTthV ^^^^^^rS^- ^ * 
mand controller can proceed to the PARSE state W<? StatC - °" ce th,s occurs corn- 

to' PAUSEjCC 

due to band processTn^a^^^ *e ■ *™ can also stall mid-line 

decoder gets more of the compressed data s*eaT fr™ th t0 ^ ^ ^ 
frames. All of the remaining states check if ^»711 ? ?l * SFU Can receive or deliver new 
^orif,*^^ 

command controller enters to *rhi™» tKic o„w a * pause. PAUSE JZC is the state that the 

bodt asserted andthe^D T^^T^^ *" *** ^ ^ - d - 
iv PARSE 
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When in this state the command controller can receive one of four valid commands- 
a) Runlength or Horizontal 

ohaoeos into tbo WAKJ'OnjtUNLENGTH^&l'SZZZ ^ " eco ™™» 1 

trolre, si*,*, this to the rest of (he LB^o Z IretZ. S?rtS"*" "™ d C °" 

Vertical 

olornom o» the previous lino, to, .Tm^^S^! ™ ^ " re,Biv " ,0 "» <*^l 

otoresp^toto.^^^ «-^Ss^-55ss^ "» — - J 

c) Skip 

^tZ^m^^^^Z C f- mm ^ dS , bu L the - the current line is not 
that the command controller SaJmlTa^e ^iS, 0 . I Uke *" se P arate ski P «*»■«* 

the current color in this case. *fcW<0) commands and has been coded not to change 

d) Pass Through 

LBD can recommence noLal decTpS^ ag^S^S ^STT** V* * e 
color as the last bit in unimpressed ^ "J* P3SS thr0Ugh mode is * e 540,6 
command controller as each pass throuXon^d ££S m ?? doeS not need ™ extra state in the 
cessed in one clock cycle. command receded from the stream decoder can always be pro- 

v WATT_FORJtUNLENGTH 

clock cycle the <WcSlte^ B tJ£ 5?i^? ted by RUNLE ™™- After the first 

has S?«SSSloSXS ^ state until all the 
controller will return to tS^SsteT * iS n ° l end of * e the command 

w" WAIT_FORJiE 

remains here until the edge S^^^2^?^ A C0,,I, ^ TT * C "«WB state and 
return to the /MAS* state Fnmded .t ,s not the end of the line the command controller will 
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vii FINISH_LINE 

At the end of a line the command controller needs to hold its data fr> r th» <zft t w • ^ , 
START state. Command cooler remains h the ^^^^ 




Figure 116. State diagram for the Command Controller (CC) state machine 
24.3.8 Next Edge Unit Sub-block Description 

"EC/ will search tl^w^lE ^1^^%?^ ^^P 1 ^ » d *«e two values the 
Command Controlled aTt^eS addL« £S 8 ? ^ 15 fOUnd * e ^^tums this location to the 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 316 



SoPEC : Hardware Design 



Si 



tinue doing this until it finds an edge or reach^ th* *u ... 




Figure 117. Next Edge Unit block diagram 



24.3.8.1 NEU Buffer 



struct the cuSS^SiSSSf ' mf0nnat,0n ^ * ^ ^ ^ >™™ Un « * «~ 

XttnS SSSKf" " t 0 "f^ ^ iS rCCeived from *° SFU as the SFU 

v ™ not registered. The current implementation of the SFU takes two clock CV H~ <v 1 

request for a current ,ine is received until it is returned and registered^w^en ^Vr^a^ 
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frame it needs it on the next clock cycle to maintain a decoded rate of 2 bits per clock cycle A more 
detailed diagram of the buffer in the NEU ls shown in Figure 118. 



16 



use_prev_Rne_a 4 



16 

use_prev_«r»e_b 4 — 



PLbufLnJy- 



y 



16 



sfuJbd_pWata 
pLbuff_rtfy_dfy 



Figure 1 1 8, Next edge unit buffer diagram 

The output t of the buffer are two 16-bit vectors, use_j,revjine_a and useorev line b that are used to 
detect an-edge that is relevant to the current line being put together in the Lufe Fill Unit 

24.3.8.2 NEU Edge Detect 

The NEU Edge Detect block takes the two 16 bit vectors supplied by the buffer and based on the current 
line posation in the current line, aO. and the current color^ 
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Figure 1 19. Next edge unit edge detect diagram 

^^^^ 
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Table 109. Decode_b truth table 







0000 


1111111111111111 


0001 


1111111111111110 


0010 


1111111111111100 


0011 


1111111111111000 


0100 


1111111111110000 


0101 


1111111111100000 


0110 


1111111111000000 


0111 


1111111110000000 


1000 i 


1111111100000000 


1001 


1111111000000000 


1010 


1111110000000000 


1011 


1111100000000000 


1100 


1111000000000000 


1101 


mooooooooooooo 


1110 


iioooooooooooooo 


1111 


1000000000000000 



Tab| e 1 10. Oecode_b_ext truth table 







Vertica!(-3) 


111 


VerUcaI(-2) 


111 


VerUcal(-l) 


011 


OTHERS | 


001 



FIRST_FL U_ WRITE is only used in the first frame of the cunent line 2 2 5 alia fl 511 ~fi« «t>, 

the first p cture element" in which it ***** th« «n. «Zl 7™T zu i *> m 1 1*1 refers to "Processing 

S^^iSS^?^ UP ^ ^ — ^every single ^ P H^e1 
asserted at the" bigi^g of a ! line ^ When ^-W-WW* is ' V which is only 
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24.3.8.3 Encode_b_one_hot 



J3 



block. 11 ltSts toe twth ^ outlining the functionally required by this 



Table 111. Encode_b_one_hot Truth Table 



yYyYYYYYVWvw\yvrt/v. ^ 

'^^^XaXXXXXXXXXX 1 


ooooooooooooooooooi 


XXyyYYYYVYVVWwwi ~ 

^ A>kAA ***XXXXXXXXXlO 


0000000000000000010 


XYYYYYYYVWw\a/w4 _ _ 


0000000000000000100 


AAAAXXXXXXXXXXX1 000 


0000000000000001000 


AJUUU °vXXXXXXXX 1 0000 


0000000000000010000 


AXXXXXXXXXXXX1 00000 


0000000000000100000 


xxxxxxxxxxxxi 000000 


0000000000001000000 


XXX XXJOOCXXX10000000 


wuuuuQOOO0 10000000 


XXXXXXXXXX 100000000 


0000000000100000000 


xxxxxxxxxiooooooooo 


0000000001000000000 


xxxxxxxxioooooooooo 


0000000010000000000 


XXXXXXX1 ooooooooooo 


0000000100000000000 


XXXXXX1 000000000000 


0000001 000000000000 


XXXXX10000000000000 


000001 ooooooooooooo 


• XXXX100000000000000 


0000100000000000000 


XXX1 ooooooooooooooo 


0001000000000000000 


XX10000000000000000 


0070000000000000000 


X100000000000000000 


0100000000000000000 


1000000000000000000 


1 oooooooooooooooooo 


000000000<X)00000000 


OOOOOOOCKXXXKKXXXXX) 



24.3.8.4 Encode_b_4bit 

o^toii^r™ 6 Stege ° f ^ ^ ~* ^ —ies the data to determine the address 

* -^^^ - d the hit location that 

asserted the bit location in Vhe vector is c^e^ to » 7 L° ^ ^ If *«" is a bit 

number is one, if bit one is asserted toen ^' f<>r CXamp,e if bit 0 is ~« *«> the 

asserted then the number ,s one, etc. The delta supplied to the NEU determines 
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C<>nUnand " Pr0CeSSed 711,5 f0m,U,a that is ^mented to return tip to the 



command 



for V(n)blp = x ♦ n modulusl6 
where x is the number that was PYt-m^f-^ «■ 

command. 8 ««» the -one-hot- vector and a is the vertical 



24.3.8.5 State machine 




Figure 120. State diagram for the Next Edge Unit (NEU) state machine 

The following is an explanation of all the states that the MTt/state machine utilizes. 

i NEUJSTART 

state. AfVAIT_BUFF state. When this occurs the AflT£/ enters the NEU_FILL_BUFF 

ii NEU_FfLL_BUFF 

fFte!^ ^ ^ de ^ oded * e ^ needs to fill up its buffer with new data from the 
~mpll!^^ 

Hi NEU^HOLD 
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SrnT " W3itS iD ** St3te f ° r ° nC d ° Ck CyClC WW,e re <» Uestcd fi"" *• Sp U on the last access 

iv NEU_RUNNING 

2?T! WG TT h * e r re « uestin S of *>» *e SFU for the remainder of the line by pulsing 
lbd^u_pladvword when the LBD needs a new frame from the SFU. When the NEU has tSivL aU 
word * needs for the current line, as denoted by the LineLength, the NEU enteS ^iSSSSS^ 

v NEU_EMPTY 

NEU waits in this state while the rest of the LBD finishes outputting the completed line to the SFU The 
NEU Wes thts state when Go gets deasserted. This occurs when the end _ofJine signal is detec^m 




S oPEC : Hardware De sign 

24.3.9 Line Fill Unit sub-block description 



J3 



when it has put together a complete 16 to £™ ♦ Q ° prov,ded * * c Command Controller and 

that the datal valti by strobuj t IStZStS^ * M ™» LBD *«* * *e SFU 

A dataflow block diagram of the line fill unit is shown in Figure 1 19. 



1 5' 



Next 
Edge 
Unit 



hold_sd_cotor! 



vmlnus.zero 



Stream 
Decoder 



command 



command controller 

I 
I 



ill 



State 
Machine 



line fflj unit 



4 Onvt 



Instate 



color_sef_16t)(t_ff 
— * 



'16 



16^ 



Hne_fiD_data 



work_sfu_wiriata 



16, Ibd_sfu_wdata 
m 



jjxj-Sfu_.wdatavaM 



jbtf-Sfa,advfing 



SFU 



Figure 121. Lino fill unft block diagram 

The dataflow above has the following blocks: 
24.3.9. f State Machine 

The following is an explanation of all the states that the LFU state machine utilizes. 
* LFUJSTART 

w LFUJsfEWJtEG 
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«i LFUjCOMPLETEJtEG 

d» «• tbtt me** to a toe is co^pSed J^c dTcti T^t 



*a — UNK IFNfiTH 



to — l,rNF I FNfiTH 




Figure 122- State diagram for the Line FN I Unit (LFU) state machine 

24.3.9.2 line^WLdata 



if <lfu_state == LFU_ START) OR <lfu_state 

work_sfu_wdata ** color_sel_16bit_lf 
else 

work_sfu_wdataf{15 - limit) downto limit] = 

color_s e i_i6bit_lff(l5 - limit) downto limit] 



L^U_NEW_REG) then 
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25 Spot FIFO Unit (SFU) 

25,1 Overview 



J3 



"S^S^S^JT^ V mCam by WhiCh * traasfeTOd bctweea * e LBD and the 
HCU By abstracting the buffering mechanism and controls from both units, the interface is clean between 

X^^iel^Jn^Zt^T 1 ° f bl 5 ering C3n dso be increased or 

a * * ^ mg ° f ^ 15 Panned in the horizontal and vertical directions bv 

25.2 Main features of the SFU 

TheSFU replaces the Spot Line Buffer Interface (SLBI) in FECI. The spot line store is now located in 

Sf^iTp Pr !!t OUS ,iDe t0 LBD - 510168 ^ nex « produced by the LBD and outputs the 

S oH6 hfts^e c£r?i 0 ^K^t fCeder FIFa ^ " BD - terf -es to the SF^ 3ST<£ 
wiath ot 16 bits. The SFU interfaces to the HCU with a data width of 1 bit. 

Sf^StOSZT* TU5£ 256 ; WtS bUt *" LBD linC ,eDgth * a of 16 bi *. ^ eapability to 

flush the last multiples of 16-bits at the end of a line into a 256-bit ORAM word size is reouirerf TW 

Saw™ ° f DRAM words 31 1,10 cnd of a line > which * - eS^D^ ^3T£3E 

CbD^^:^/^^?^^ that 1116 SFU is availab,e for writing and reading. For the first 
/A^ J u f° h3S beeD ^rted. previous line data is not supplied until after the fim 

Sat^T* i w m J" LB ° (Zer ° ^ " ■ Wlkd * •»» »* ^e uT D in*ca£s 

J " jvai able for writing. Ibd^Ju.advline tells the SFU to advance to the n^T toe 

lf {Z- P ?%? r i u SFU t0 1116 next of previous line daTSnS Ae nuSefof 

LBD SSS f ^ g 31141 Writing " hereafter it indicates the SFUfcavriKe for^tingThe 

LBD should not generate Ibd^ladword or Ibd.sjU.advline strobes until sju_ldb_rdy is 2 

A signal sfu_hcu_avail indicates that the SFU has data to suddIv to the wrrr a^i,. 

tfjfiXXjT ^ 7 b «™ can therefore stall Z^Ttl 

X and Y non-integer scaling of the bi-ievel dot data is performed in the SFU. 

i US! TherefoTiesnT 1 "l^tll* 3,1 DRAM Chaanels ' 3 dots Per oyole in total (read + read 
+ write). Therefore the SFU requires two 256 bit read DRAM access per 256 cycles 1 write access even, 

Dr!S A Smle DIU ^ intCrfaCe WiH ta shar ed for reading £ curJr aS pr^ousTnesS 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



2ST 5 Tov2002 
Page 326 



SoPEC : Hardware Design 



25.3 Bi-level DRAM memory buffer between LBD, SFU and HCU 




high address 

+ lbd_nextline_a(Jr 

fbd_prevline_adr 
hcu_readiine_adr 
> hcu_startreadline_adr 

low address 





high address 

lbd_nextline_adr 

hcu_readline_adr 
> lbd_prevline_adr 
+ ficu_startreadline_adr 

low address 



(b) 



(a) 

Key: | | Free buffer space 

HH Filled buffer space accessed by LBD Interface FIFOs 
S3 FiIle d Buffer space read by HCU Read Line FJFO 

O Buffer space read by both HCU Read Line FIFO and LBD Interface FIFOs 

Figure 123. BMevel DRAM buffer 

^I^^^X 1 ^ *™ Sp D a ^ FigUre <a) ShoWS ^ LBD P^us line address reading 

f^i' "? 1 CU fS^** COnpto * HneS ° f * e bi ' Ievel DRAM buffer is not line 
b 5 " g i Ct T OT LBD ' SFU and HCU is * FIFO of programmable size The only toe 

The SFU interfaces to DRAM via three FIFOs: 

a. The HCVReadLineFlFO which supplies dot data to the HCU. 

b. The LBDNextLineFIFO which writes decompressed bi-level data from the LBD 
cThe LBDPrevLineFIFO which reads previous decompressed bi-level data for the LBD. 

There are four address pointers used to manage the bi-level DRAM buffer: 

*.hcu_readline_adr[2l:5] is the read address in DRAM for the HCUReadLineFIFO 

^H^R^fVo 1 / 51 15 ^ " DRAM fOT thS — **• «- * 
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c. Ibd nevline.adrpi. SJ is the write address in DRAM for the LBDNextUneFIFO 
±lbd J} re V line_adr f 21:SJ is the read address in DRAM for the LBDPrevLineFIFO ' 
The address pointers must obey certain rules which indicate whether they are valid- 
^Od^S^mS^ °^ Valid if k * eariier » line than 

. ^ ZjZZr 1 ti > d_prevlme_adrpl:5] AND hcujstartreadline^alid. 

I. Toe address pointers om wrap around the SFU bi-levet store area in DRAM 
-^en^roi.^™ 
25.4 DRAM ACCESS REQUIREMENTS 

^^cLSKSS£. MU 1 ^ ^ read interface is shared between the 

SeTre^^^ 

vious. current and next line ^ceT ^ "" d **** d ° UWc buflferS for each ° f * 

The SFU's DIU bandwidth requirements are summarized in Table 1 12. 
Table 1 12. DRAM bandwidth requirements 




1: Two separate reads of 1 bit/cycle. 
2: Write at 1 bit/cycle. 



25.5 SCALING 



faeror reprobated by a *mm£?Z "t*££lZ?t£?. T"" TC'"" 6 " "*» seak 
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SiSSS* - PSeUd0C ° de be,OW An adV3nCe PUlSC " gCDerated » ™» * 'he next dot (scaling) or 



if (count 

count = 

advance 
else 

count s count 

advance = 0 



denominator >= numerator) then 
(count + denominator) - numerator 



♦ denominator 







m 


0 


0 


1 


3 


0 


1 


6 


1 


1 


! 2 


0 


2 


5 


1 


2 


1 


0 


3 


4 


1 


3 


0 | 


0 


4 


3 


0 


4 


6 


1 


4 


2 


0 


5 



25.6 Lead-in and leao-out cupping 

8 on ^ Le - of 1,16 ** -* dot b * e ,iae * sJJSi^s; 

^t°toT h "I" in .* C P 86 "*^ 00 ^ " set to XstartCount. If there is no lead-in Xstart- 
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25.7 Interfaces between LDB, SFU and HCU 



DIU 



f sfuJbd_pKita1§ 



LED 



tbd_sfu_p*ac /word 



bd_sfu_adv no 



t sfu__ttxUd) 



lbd_sfu_wd tavaitd 



lbd_sfu_adv rne 



DIU Interface 
and 
Address 
Generator 



Previous Line 
FIFO 



«xJ_sfu_wdi ta 16^ 
— 



Lrdy 
nrf.rdy 



NextUne 
FIFO 



Current Line 
FIFO 



SFU 



ncu .sfu_advdot 



1 sfu 


hcu_sdata 


sfu. 


ncu_avall 



HCU 



Figure 124. Interfaces between LBO/SFU/HCU 

25.7.1 LDB-SFU Interfaces 

IS.^ t0 SFU * 1116 LBP ^ ^ nCXt UnC t0 the SFU ^ ^ Ac previous 

25. 7. f . 1 LBDNextLineFIFO interface 

The LBDNextLineFIFO interface from the LBD to the SFU comprises the following signals- 

• lbd_sfu_wdota, 1 6-bit write data. 

• lbd_sfu_wdatavaUd. write data valid. 

• lbd_sfu_advline, signal indicating LDB has advanced to the next line. 

sSaT ^ t0 1116 1111111 ^" /W - r ^ is LBD therefore stall waiting for the 



25. 7. 1 . 2 LBDPrevUneFIFO Interface 



The LBDPrevLineFIFO interface from the SFU to the LBD comprises the following signals: 

• sfujbd^pldata, 16-bit data. * 

The previous ; line read buffer interface from the LBD to the SDU comprises the following signals: 
tbd_s/u_pladvword, signal indicating to the SFU to supply the next 16-bit word. 

• U>d_jsju_advline. signal indicating LDB has advanced to the next line. 
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Previous line data is not supplied until after the first lbd_sfii_advline strobe from the LBD (zero data is 
supplied instead). The LBD should not assert Ibd _pfu _pladvword unless sfu_lbd_rdy is asserted. 

25.7.1.3 Common Control Signals 

sjujdb_rdy indicates to the LBD that the SFU is available for writing. After the first lbd_sju_advline and 
before the number of lbd__sfu_j>ladvword strobes received is equivalent to the LBD line length, 
sjujdb^rdy indicates that the SFU is available for both reading and writing. Thereafter it indicates the 
SFU is available for writing. 

The LBD should not generate lbdjsJu_pladvword or lbd_rfu_advline strobes until sjujdb_rdy is asserted 

25.7.2 SFU-HCU Current Line FIFO Interface 

The interface from the SFU to the HCU comprises the following signals: 

• sfujicujsdata, 1 -bit data. 

• sfiijicu_avail, data valid signal indicating that there is data available in the SFU HCUReadLine- 
FIFO. 

The interface from HCU to SFU comprises the following signals: 

• hcu_sfu_advdot, indicating to the SFU to supply the next dot 

The HCU should not generate the hcu_sfu_advdot signal until sfu_hcu_avail is true. The HCU can there- 
fore stall waiting for the sfiijicu_avail signal. 
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25.8 Implementation 

25.8.1 Definitions of IO 



Table 11 4. SFU Port List 





III 




Clocks and Resets 
pclk 




In 


SoPEC Functional dock. 


prst_n 

Dili Read Interface signals 




In 


Global reset signal. 


sfu_diu_rreq 




Out 


SFU requests ORAM read. A read request must be accom- 
panied by a valid read address. 


sfu_diu_radr[21:5) 


17 


Out 


Read address to OIU 

17 bits wide (256-bit aligned word). 


I dru_sfu_rack 




In 


Acknowledge from DIU that read request has been 
accepted and new read address can be placed on 

sfu_diu_radr. 


I diu_data(63:0] 


64 


In 


Data from DIU to SoPEC Units. 
First 64-bits are bits 63:0 of 256 bit word. 
Second 64-bits are bits 127:64 of 256 bit word. 
Third 64-bits are bits 191:128 of 256 bit word. 
Fourth 64-bits are bits 255: 1 92 of 256 bit word. 


j dtu_sfu_rvalid 

] CHU Write Interlace signals 


1 


In 


Signal from OIU telling SoPEC Unit that valid read data ison" 
the diu data bus. 


j— — — — . 


1 


Out 


SFU requests DRAM write. A write request must be accomT" 
panied by a valid write address together with valid write data 
and a write valid. 


sfu_diu_wadr{21:Sl 


17 


Out 


Write address to DIU 

17 bits wide (256-bit aligned word). 


J dfu_sfu_wack 


1 


In 


Acknowledge from DIU that write request has been 
accepted and new write address can be placed on 

sfu_jdiu_wadr. 


sfu_diu_data{63:0] 


64 


Out 


Data from SFU to DIU. 
Rrst 64-bits are bits 63:0 of 256 bit word. 
Second 64-bits are bits 127:64 of 256 bit word. 
Third 64-bits are bits 191 :128 of 256 bit word. 
Fourth 64-bits are bits 255:1 92 of 256 bit word. 


sfu_diu_wvalid 


1 


Out 


Signal from PEP Unit indicating that data on sfu diu data is 
valid. 


| PCU Interface data and control signals ~ 


pcu_addr[5:2J 


4 


In 


PCU address bus. Only 4 bits are required to decode the 
address space for this block 


I pcu_dataout(31:0] 


32 


In 


Shared write data bus from the PCU 


[ sfu_pou^datain[31:0] 


32 


Out 


Read data bus from the SFU to the PCU 


J pcu_rwn 


1 


In 


Common read/not-write signal from the PCU ~ 


I pcu_sfu_sel 


1 


In 


Block select from the PCU. When pcu__sfu_set\s high both 
pcu_addrand pcu_dataout are valid 
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Table 11 4. SFU Port List 







IB^HH 






LBD Interface Data and Control £ 


i 

ifgnals 


uui 


Ready signal to the PCU. When sfu_pcu_rtiy Is high it indi- 
cates the last cycle of the access. For a write cycle this 
means pcu_dataout has been registered by the block and 
for a read cycle this means the data on sfu _pcu datain is 
vaNd. 


sfu_lbd_rdy 

lbd_sfu_acMine 
lbd_sfu_pladvwo/d 
sfujdb __pldata[15:0] 


1 

1 
1 

16 I 


Out 

In 
In 

Out 


I Signal tndicatton that SFU has previous line data available 
and is ready to be written to. 

Line advance signal for both next and prevfous lines. 

Advance word signal for previous line buffer. i 

Data from the previous line buffer. 


Ibd_sfu_wdata{l5:0] * 

lbd_sfu_wdatava!id 

HCU Interface Data and Control S 

hcu_sfu_advdot 

sfu_hcu_sdata 
sfu_hcu_avail 


16 
1 

Ignals 
1 

1 

1 ; 


In 
In 

In 

Out 
Out 


Write data for next line buffer. 

Wnte data vaOd srgnal for next line buffer data. [ 

Signal indicating to the SFU that the HCU is ready to accept 
the next dot of data from SFU. 

Bi-level dot data. 

Signal indicating valid bHevel dot data on sfu_hcu_sdat£L 
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25.8.2 Configuration Registers 



Table 115. SFU Configuration Registers 




0x1 



Setup registers (constant for during processing the page) 



0x0 



A write to this register causes a reset of 
the SFU. 

This register can be read to indicate the 
reset state: 

0 * reset in progress 

1 - reset not in progress 



Writing 1 to this register starts the SFU. 
Writing 0 to this register halts the SFU. 
When Go is deasserted the state- 
machines go to their idle states but all 
counters and configuration registers keep 
their values. 

When Go is asserted ail counters are 
reset, but configuration registers keep their 
values (i.e. they don't get reset). 
The SFU must be started before the LBO 
is started. 

This register can be read to determine if 

the SFU is running 

(1 - running, Q - stopped). 



0x08 



OxOC 



0x14 



0x18 



0x1 C 



0x20 



0x24 



0x2C 



HCUNumDots 



HCUDRAMWords 



LBDNumWords 



StartSfuAdrf21:5] 

(256-bit aligned DRAM address) 



16 



12 



0x0000 



0x00 



0x000 



17 



EndSfuAdr(21:5J 

(256-bit aligned DRAM address) 



XstartCount 



XscaleNum 



17 



XscaJeDenom 



YscaleNum 



YscafeDenom 



Work registers (PCO has read-only access) 



0x0000 
0 



0x0000 
0 



0x00 



0x01 



0x01 



0x01 
0x01 



Width ofHCU fine (in dots). 



Number of 256-bit DRAM words in a HCU 
line. 



Number of 16-bH words in an LBD line. 
(LBD line length must be a multiple of 16 
bits). 



First SFU location in memory. 



Last SFU location in memory. 



Value to be loaded at the start of every line 
into the counter used for scaling in the X 
direction. Used to control the scaling of the 
first dot in a fine. 

This value will typically equal zero, except 
in the case where a number of dots are 
clipped on the lead in to a line. 



Numerator of spot data scale factor in X 
direction. 



Denominator of spot data scale factor in X 
direction. 



Numerator of spot data scale factor fn Y 
direction. 



Denominator of spot data scale factor in Y 
direction. 
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Table 115. SFU Configuration Registers 



Bill 










QX30 


HCUReadUneAdr[21 :5) 
(256-bK aligned ORAM address) 


17 




Current address pointer in ORAM to HCU 
read data. Read only register. 


0x34 


HCUStartReadLineAdrfcl £) 
(256-bit aligned DRAM address) 


17 




Start address In DRAM of line being read 
by HCU buffer in DRAM. Read only regis- 
ter. 


0x36 


LBDNextUneAdrI21 :5] 
(256-brt aligned DRAM address) 


17 




Current address pointer in DRAM to LBD 
write data Read only register 


0x3C 


LBDPrevUneAdr[21 :S] 
(256-bit aligned ORAM address) 


17 




Current address pointer in DRAM to LBD 
read data. Read only register 
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25.8.3 SFU sub-block partition 



pcu_fwn- 



pc*j_sfu_s< 
pcu_addrf5i21-f— ► 
pcu_dataout(3l :0j 
sftj-pcu_data[3l.*0}^ 



^sfujt i ^pklata 



LBD 



PCU 
Interface 



sfu_go (to aa sub-blocks) 



'Q, hcu_num,dote~ 
hcu_dram_wofda 
12/ t>d_num_ words 



17^ starLsfti^adr 
end_sfu_adr 



*>cu_reaifflne_adr 



17, 



hcu_startreadffne,acff fV 



(bd_nextnne_adr 



tbd_prevfine_ad/ 



xstart_oount 
xscale^num 



xsca!e_denom 



8. 



yscale_num 
yscate_denom 



5- 



lbd_s* _ptedvworti 



tod„s j^advUne 



sfu. to<f_rdy 



nlf_rdy 
Ibd_sji_wdata 18 



HCU 



hcu. 



Ibd_num_*wds 
12. 



LBD Previous 
Line FIFO 



Ptf-rdy | 



«bd_s u_wdatavalid 



lbd_sfu_edvfine 



fbd_nu m_words 
^ 1 



LBD Next 
Line FIFO 



sfu_advdot 



sfu 


bcu_sdata 1 


4 


— 7^ 

_hcu_avaU 



SFU 



HCU Read 
Une FIFO 



^pILdiutack 


► 


ptf_dfurdata 54^ 


^ pW_drurvaBd ' 


pff_diuJdte 




v 


rWf_(fiuwreq 




nff_dfuwa<* 


► 


nff_diuwdata 54 


ntf_dfuwvalkl ' 


p 




» 


hrf_hcu_e ndoffina 




hrf_xadvance 


1 


hrf_ diuireq 


hrf_diurack 

4 — 


p 


hrf_cKurdata aa 
#- — ^ 


^ hff_d5urvafid " 


h/f_dJuidTe 
" — " ► 



Dru 

Interface 

Address 
Generator 
Unit 
(DAG) 



sfu_dJu_wreq 
sfu_dlu_wadr{21 :5] 
sfu_d4u_data[63:0) 
•► sfu_dlu_wvand 
dtu_sficwack 



' sfu_diu_rreq 
»sfu_diu_radr(2l5] 
•dlu_sfu_dafa(e3«] 
•d1u_sfu_rvaHd 
dkj_sfu_rack 



Figure 125. SFU Sub-Block Partition 
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The SFU contains a number of sub-blocks: 



mssmm 




kou jnierrace 


PCU Interface, configuration and status registers. Also generates the Go 
and the Reset signals tor the rest of the SFU 


LBD Previous Una 
FIFO 


Contains FIFO which is read by the LBD previous line interface. 


LBD Next Line FIFO 


Contains FIFO which is written by the LBD next line interface. 


HCU Read Line 
FIFO 


Contains FIFO whtch is read by the HCU interface. 


DIU Interface and 
Address Generator 


Contains DIU read interface and DIU write interface. Manages the 
address pointers tor the bWevel DRAM buffer. Contains X and Y scaling 
logic. 



The various FIFO sub-blocks have no knowledge of where in DRAM their read or write data is stored. In 
this sense the FIFO sub-blocks are completely de-coupled from the bi-level DRAM buffer All DRAM 
address management is centralised in the DIU Interface and Address Generation sub-block. DRAM access 
is pre-emptive i.e. after a FIFO unit has made an access then as soon as the FIFO has space to read or data 
to wnte a DIU access will be requested immediately. This ensures there are no unnecessary stalls intro- 
duced e.g. at the end of an LBD or HCU line. 

There now follows a description of the SFU sub-blocks. 



25.8.4 PCU Interface Sub-block 

The PCU interface sub-block provides for the CPU to access SFU 
to the SFU address space. 



specific registers by reading or writing 
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25.8.5 LBDPrevLineFIFO sub-block 



Table 116; LBDPrevLineFIFO Additional IO Definitions 



internal Output 



pILrdy 



Out 



OIU and Address Generation sub-block Signals 



Signal indicating LBDPrevLineFIFO is ready to be read 
from. Until the first lbd_sfu_advtiha for a band has been 
received and after the number of tbd_sfu _ptadvword strobes 
received for a line Is equal to LBDNumWortfs, pILrdyls 
always asserted. During the second and subsequent lines 
ptf_rxfyi& deasserted whenever the LBDPrevUneFlFO is 
empty. 



p(f_diurreq 



pff.diurack 



pILdiurdata 



plLdiurrvafid 



plfj 



Out 



In 



in 



Signal indicating the LBDPrevUneFlFO has 256-bits of data 
free. 



Acknowledge that read request has been accepted and 
pfLdturreq should be de-asserted. 



In 



Out 



Data from the DIU to LBDPresdJneFIFO. 
First 64-btts are bits 63:0 of 256 bit word. 
Second 64-bits are bits 127:64 of 256 bit word. 
Third 64-bits are bits 191:128 of 256 bit word. 
Fourth 64-bits is are 255:192 of 256 bit word. 



Signal Indicating data on pfCd/urdata is vafid. 



Signal indicating DIU state-machine is In the IDLE state. 



25.8.5. 1 General Description 

^JL^TaZ 1 ™?™ SU ^ bl °^ 1 CO ? priseS a double 256 -*t buffer between the LBD and the DIU Inter- 
face and Address Generator sub-block. The FIFO is implemented as 8 times 64-bit words The FIFO L 
written by the DIU Interface and Address Generator sub-block and read by Te U» 
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pILdiurdata 



Figure 126. LBDPrevUneFifo Sub-block 

Whenever 4 locations in the FIFO are free the FIFO will request 256-bits of data from the DIU Interface 

^V** FIF ° 35 64 " bitS ° n PV^rdata[63:0} over 4 clock cycles The signal 

' "f* 10 mCrement 1116 F,FO ^ ™ri<e-adrp.O]. If theW 

PrevLmeFIFOstxll has 256-bits free than. plfjtiurreq should be asserted again. 

^^!L Il l te ^ :e ? d A ^ CSS G^*"*" sub-block handles all address pointer management and DIU 
interfacing and decides whether to acknowledge a request for data from the FIFO. 



pclk 
plf_diurreq 
plf_diurack 
plf_di invalid 
plf_diurdata[63:0] 




J — L 



i i i 2 i 3 rzr 



zi 



Figure 127. Timing of signals on the LBDPrevLineFIFO Interface to DIU and Address Generator 

uJnr s ^„™ 
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resat==o 



sfu^nn=0 
-* t ,dle ) 



diuidlo = 1 



256-brt9fre» fn FIFO 



Q Request^ diurreq = 1, diufdle =0 

T d?uracks=i 
^ Ack ^ cfiurreq = 0 



^ diurv airrf^l 

DataO ^ 
^ Datal ^ 

drurvai>d== < | 

) 



C 



Data2 



4 diurv alM=1 
Data3 ^ 



Figure 128. Timing of signals on LBDPrevLineFIFO interface to DIU and Address Generator 

/^ e ,« LB ?/ ea ^J 6 " b i t r™** **** fr ° m ^ LBDPrevLineFIFO on sju lbd_pldatafI5 0J 
^r£-f fr ° m ^ ^ teUs * e LBDPrevLineFIFO to supply the next 16-blt woVd. The FIFO 

control logic generates a signal HW*Oe/ecr which selects the next 16-bits of the 64-bit FIFO word to out- 
£ °2 S * r l i d ^ ta l 15: °l- When the entire current 64-bit FIFO word has been reW by Se L^D 
lbd_ J sfii_ p ladvword will cause the next word to be popped from the FIFO. 

^ QOt SUPPb ^ UntiI aftCT ^ 6181 lbd -^-^yline strobe from the LBD after sfu_go is 

S? I S DP , re l Un ^ lF0 ^u COntrCl IOgiC U8es 3 COUntCr - Pl"*™ord-C<>untfII:OJ. to counts the number of 
S « ^ J SlTObeS reCC,Ved for linc - 7116 plod^ord_count counter is reset to 0 by 
LBDNul^WorX " ^ nUmber ° f lbd -^^^vword strobes received is equal to 

ItS '£ DP '?7 Lin f IF ? generates a W 1 to indicate that it has data available. Until the first 

for ffc beeD reCeived 31141 afterthe number of Ibd^Ju^ladvword strobes received 

for a hn e * equal to LBDNum Words, plf_rdy is always asserted. During the second and subsequent lines 
plf-rdy is deasserted whenever the LBDPrevLineFIFO is empty. ^quem unes 

SVS, 2 ?^- f ° r rCad fr ° m DRAM can contain «tra padding which should not be output to 
the LBD. This « because lbd_num_words may not fit exactly into a 256-bit DRAM word. When the count 
of the number of lbd_sju_pladvword strobes received for a linc is equal to lbd_num words the LBDPrev- 
UneFIFO must adjust the FIFO read address to point to the next 256-bit word boundary in the FIFO This 
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can be achieved by considering the FIFO read address, read adr[2 01 will reauire 3 bits to ,hh wm « i 



if (pladvword_count lbd_nura_words> then 
read_adr[l:OJ «= bOO 
read__adr[2J = -read_*dr [2] 



25.8.6 LBDNextLineFIFO sub-block 

Tabl e 117, LBDNextLineFIFO Add itional 10 Definition 

LBONextUneFtFO Interface Signals 



ntf_rdy 

01 U and Address Generation sub 


1 

MblocKSJg 


Out 
rial 3 


Signal indicating LBDNextLineFIFO is ready to be written to 
| i.e. there is space in the FIFO, 


nrtLdtuwreq — 


1 


Out 


Signal indicating the LBDNextLineFIFO has 256-brts of data 
for writing to the DIU. 


nif_diuwack 


1 


In 


Acknowledge from DIU that write request has been 
accepted and write data can be output on nff diuwdata 
together with nff diuwvatki. 


nff_diuwdata 
nffLdiuwvalid 


1 

1 


Out 
In 


Data from LBDNextLineFIFO to DIU Interface 
First 64 -bits is bits 63:0 of 256 bit word 
Second 64-Wts is bits 127:64 of 256 bit word 
Third 64-bits is bits 191 :128 of 256 bit word 
Fourth 64-bits is bits 255:1 92 of 256 bit word 
Signal indicating that data on wiLdiuwdata is valid. 



25.8.6.1 General Description 

L fS N ^ ineF J F ° SUb ' bIock ^Pnses a double 256-bit buffer between the LBD and the DIU Inter- 
lace and Address Generator sub-block. The FIFO is implemented as 8 times 64-bit wor* KFO L 
written by the LBD and read by the DIU Interface and Address Generator 
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sfu_wdata_reg 



txJ_sfu_wdata 



10 



en 



tbd_sfu_wvaJkl 



<W_sfu_adv8ne 



ftxJ_num_wofrfs 12 



nlf_rdy 



64 

— H 



8 word 
64-bit FfFO 



wnte 



read 



WordPerfect / "2 write_adr 



write_en 



/ "3 read_adr 



64 

ntf_dJuwdata 



FIFO control 
logic 



ntfjdfuwreq^ 



nff_dfuwack 



n!f_<fluwvafid 
— ► 



Figure 129. LBDNextLineFifo Sub-block 

^!T/^? 0nS ? ** HF ° 316 Ml * c FIFO ™ n request 256-bits of data to be written to the DIU 

that the data on nlf diuwdata[63 01 is valid. Tu ,Jt ? l f- dntwvaltd indicates 



pcik 
nlf_diuwreq 
nlf_diuwack 
nlf_wdiudata[63:0] [ 
nlf_diuwvalid 




F*ur» 130. 71*, of .1 anal, .„ LBDN.xtUn.flFO l„„ rfae . „ 0 IU >nd Ad*..« G.n.r«o, 
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SI 



resets 



— ^ Idle ^ 



256-hHs in F|FQ 



Q Request ^ diuwreq = 1 

^ djurack=ai 
^ Ack ^ diuwreq = 0 



^ DataO ^ dluwvalkJ=i 



^ Datai ^ 



^ Oata2 ^ 



Data3 ^ 



dIiAwaIkJ=1 



diuwvaiid=1 



<fiuwvaltd=1 



Figure 131. LBDNextUneFIFO DIU Interface State Diagram 

The si^l nlf^rdy indicates that the LBDNextUneFIFO has space for writing by the LBD The LBD 
S/' b,t 7^ Jf « ^/u^a f I5:0J. ibd^alid indicates'that £1X ™ 

The data is collected to make up a 64-bit word before being written to the FIFO. 

The LBDNextUneFIFO ^control logic counts the number of lbd_sju_wvalid signals. The ttdLs* wvalid 

is S TlTdnL^ ** d indicates wheD 1116 number of s^£;S 
HE, mf rema,nmg m * F1FO is «- flushed to DRAM 



25,8.7 sfiMbd_rdy Generation 



2oS£t5^a* ^ 8CneratCd ^ ANDiD8 ^ LBDPr ^ LineFIF 0 and n//_yrfy ton the 

t R -!^Z?. ^TSZ ?1 L ^ D that ^ SFU 15 liable for writing i.e. there is space available in the 
LBDNextUneFIFO. After the first lbd_jju_advline and before the number of Ibdji.pladword strobes 
ece.ved " equivalent to , the line length, sju_W_ rd y indicates that the SFU is av^ for bo* rS£g! 
^ Aere ,s data « the LBDPrevLineFlFO. and writing. Thereafter it indicates the SFU is available for 
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LBD-SFU Interfaces Timing Waveform Description 

d. da» «d from «. SFU J iSjKfi SiStShSS? " t * lat 

The main points to note from Figure 132 are- 

* ^i°?s? e ? f iS dCaSSened h ° wever *« LBD «« n <* ««* to *is signal until clock 

ST 5i, S t l m T l 3 *** iS *° VaUd *° m <■* LBD whi «* » captured in ctck^c e 4 
fnW^ ? ^ ^ te aVai,able ,ocation avaUable fa the FIFO in the SFU. In clock cvcle 4 [the 
LBD has entered a pause mode and waits for srujbd_rdy to be asserted again 

' St^flZEStlZ 22 ^ 7 fl?"* 1 d0Ck Cydc) ' «» "* occu " the SFU can 
n,^nti ,7 i u FIFO locations available again. The LBD detects this and on clock cycle 8 it starts 

iZTtTcylT^ lbd ^ Mid «« P««ing new data out which is 

2uo no^^T ma ^ ° n *» "* SidC Which should * Righted. On examination this turns 
Scenario I : 

S fcr lb i~ rd ?J m f° . ,0W Whcn *** * stiI1 » stiu » Piece of data in the FIFO If there is a 
pulse in the next c^^ If ,s a 

Scenario 2: 

Jute^St T W ? Cn . there !f 8101 1 P iece of ^ in the FIFO. If there is no Ibd sjualadvnord 

r "fl"' 8 DOt end of P a * e the SFU will read the data fofu^nexrZc 
SEZtwW m ^ -rt again, andso the data wiH^ar^n 

Scenario 3: 

S £!r l ^- r f, WiU J° ,OW WhCn 18 51111 fa stiI1 1 Pi«=«* of data in the FIFO If there is no 

^D^ZlifT ?, e nCXt mA * * *« 0f ** ™* then the SFU wiU do L rea^ 
e^TlS^' Wl1 remaU1 de - asserted . the data will not be read out from the FIFO How! 

~£&%££iEr 15 not needed for dccoding ' m lbd wai not * rcad * £ SS- 
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Write from LBPtt SFU 





Figure 132. Signal waveforms between LBD and SFU 
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25.8.9 HCUReadLineFIFO sub-block 

Table 118. HCUReadUneFIFO A dditional IO Definition 



DIU and Address Generation sub-block Signals 



hrtVxadvance 



hrf_hcuendoffine 



hrf_diurreq 



hrf_diurack 
hff_diurdata 



hrf_dturva lid 
hrf_diukfle 



fn 



Out 



Out 



In 
Out 



Signal from horizontal scaling unit 
1 - supply the next dot 
1 - supply the current dot 



Signal lasting 1 cycle indicating then end of the HCU read 
Gne. 



Signal indicating the HCUReadUneFIFO has space for 256- 
bits of DiU data. 



Acknowledge that read request has been accepted and 
hrf_diurreq should be de-asserted. 



Data from HCUReadUneFIFO to DIU. 
First 64-bits are bits 63:0 of 256 bit word. 
Second 64-bits are bits 1 27:64 of 256 bit word. 
Third 64-bits are bits 191 :1 28 of 256 bit word. 
Fourth 64-bits are bits 255:1 92 of 256 bit word. 



Signal indicating data on ptf^diurdata is valid. 



Signal indicating DIU state-machine is in the IDLE state. 



25.8.9.1 Genera! Description 

VZ£ CURe ^? FIF ° Sub - block ^P^es a double 256-bit buffer between the HCU and the DRJ 
winen 6y the DIU fat «fece and Address Generator sub-block and read by the HCU. 




^sfu_hcu^.avaU 


ricu_sfu_adv<tot 






hcu_num_dots 16 




y<- 

hrtVxadvance 




^hrf_hcu_endofline 


-> 



FIFO control 
logic 



hrf_dhjiTeq 
rtrf_diurack 



hrfdiurvafid 



Figure 133. HCUReadUneFifo Sub-block 
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The DIU Interface and Address Generation (DAG) sub-block interface of the HCUReadLineFIFO is iden- 
tical to the LBDPrevLineFIFO DIU interface. 

Whenever 4 locations in the FIFO are free the FIFO will request 256-bits of data from the DAG sub-block 
by asserting hrf_diurreq, A signal hrf_diurack indicates that the request has been accepted and hrf_diurreq 
should be de-asserted. 

The data is written to the FIFO as 64-bits on hrf_diurdata[63:0] over 4 clock cycles. The signal 
hrfjdiurvalid indicates that the data returned on hrf_diurdata[63:0] is valid. hrfjtiurvalid is used to gen- 
erate the FIFO write enable, write_en, and to increment the FIFO write address, write jadr [2:0]. If the 
HCUReadLineFIFO still has 256-bits free then hrf_diurreq should be asserted again 

The HCUReadLineFIFO generates a signal sfu_hcu_jivail to indicate that it has data available for the 
HCU. The HCU reads single-bit data supplied on sju_hcu_sdata. The FIFO control logic generates a sig- 
nal hit^elect which selects the next bit of the 64-bit FIFO word to output on sjujtcu_sdata. The signal 
hcujsfu_advdot tells the HCUReadLineFIFO to supply the next dot (hrfjcadvance « 1) or the current dot 
{hrfjtadvance =* 0) on sfU_hcu_sdata according to the hrfjcadvance signal from the scaling control unit in 
the DAG sub-block. The HCU should not generate the hcu _jsfii_advdot signal until sfii_hcu_avail is true. 
The HCU can therefore stall waiting for the sfujicujxvail signal. 

When the entire current 64-bit FIFO word has been read by the HCU hcu_sju_advdot will cause the next 
word to be popped from the FIFO. 

The last 256-bit word for a line read from DRAM and written into the HCUReadLineFIFO can contain 
dots or extra padding which should not be output to the HCU. A counter in the HCUReadLineFIFO, 
hcuadvdot_count[15:0] t counts the number of hcu_sfu_advdot strobes received from the HCU. When the 
count equals hcu_num_dotsfI5:0J the HCUReadLineFIFO must adjust the FIFO read address to point to 
the next 256-bit word boundary in the FIFO. This can be achieved by considering the FIFO read address, 
read_adr[2:0] 9 will require 3 bits to address 8 locations of 64-bits. The next 256-bit aligned address is cal- 
culated by inverting the MSB of the read_adr and setting all other bits to 0. 

If (hcuadvdot_count == hcu_nunudots) then 
read_odr[l:0] « bOO 
read_adr[2] = -read_adr [2] 

The DIU Interface and Address Generator sub-block scaling unit also needs to know when 
hcuadvdot_count equals hcu_num_dots. This condition is exported from the HCUReadLineFIFO as the 
signal hrfjxcuendofline. When the hrfjicuendofiine is asserted the scaling unit will decide based on verti- 
cal scaling whether to go back to the start of the current line or go onto the next line. 

25.8.9.2 DRAM Access Limitation 

The SFU must output 1 bit/cycle to the HCU. Since HCUNumDots may not be a multiple of 256 bits the 
last 256-bit DRAM word on the line can contain extra zeros. In this case, the SFU may not be able to pro- 
vide 1 bit/cycle to the HCU. This.could lead to a stall by the SFU. This stall could then propagate if the 
margins being used by the HCU are not sufficient to hide it. The maximum stall can be estimated by the 
calculation: DRAM service period - X scale factor * dots used from last DRAM read for HCU line. 
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25.8.10 DIU Interface and Address Generator Sub-block 



J*™* PIU lnterface and Ad ^ f ess Generator Additional IO Description 







EH 




internal LBDPrevLlneFIFO Inputs * 




plf_diurreq 




In 


Signal indicating the LBDPrevUneF/FOhas 256-bits of data 
free. 


plf_diurack 




Out 


Acknowledge that read request has been accepted and 
ptfjdiuneq should be de-asserted. 


pILdiurdata 




Out 


Data from the DIU to LBDPrevUneFIFO. 
First 64-brts are bits 63:0 of 256 bit word 
Second 64-brts are bits 1 27:64 of 256 bit word 
Third 64-brts are bits 1 91 :1 28 of 256 bit word 
Fourth 64-bits are bits 255:1 92 of 256 bit word 


plf_diurrvatid 




Out 


Signal indicating data on plf diurdata is valid. 


pff.diutdle 




In 


Signal indicating DIU state-machine is in the IDLE state. 


internal LBDNextLineFIFO inputs 






fn 


Signal indicating the LBDNextLineFIFO has 256-bfts of data 
for writing to the DfU. 


nlf_diuwack 




Out 


Acknowledge from DIU that write request has been 
accepted and write data can be output on ntf diuwdata 
together with nttjdivwvatUi. 


nlf_diuwdata 




In 


Data from LBDNextUneFlFO to DIU Interface. 
First 64-brts are bits 63:0 of 256 bit word 
Second 64-blts are bits 127:64 of 256 bit word 
Third 64-bits are bits 191:128 of 256 bit word 
Fourth 64-bits are bits 255:192 of 256 bit word 


ntf_diuwvaifd 




In 


Signal indicating that data on wtf_diuwdata is valid. 


internal HCUReadUneFIFO Inputs r_ " 


hrf_hcuendofline 




In 


Signal lasting 1 cycle indicating then end of the HCU read 
line. 


hrf^cadvance 




Out 


Signal from horizontal scaling unit 
1 - supply the next dot 
1 - supply the current dot 


hrf_diurreq 




tn 


Signal indicating the HCUReadUneFIFO has space for 256- 
bits of DIU data. 


hrf_diurack 




Out 


Acknowledge that read request has been accepted and 
hrf^diurreq should be de-asserted. 


hrf_diurdata 




Out 


Data from HCUReadUneFIFO to DIU. 
First 64-bits are bits 63:0 of 256 bit word 
Second 64-bits are bits 1 27:64 of 256 bit word 
Third 64-bits are bits 1 91:128 of 256 bit word 
Fourth 64-bits are bits 255:192 of 256 bit word 


hrf_diurvalid 




Out 


Signal indicating data on plf diurdata is valid 


hrf_diukJle 




In 


Signal indicating DIU state-machine is in the IDLE state. 
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25.8.10.1 General Description 

The DIU Interface and Address Generator (DAG) sub-block manages the bi-level buffer in DRAM It has a 
S^a^ 

All DRAM address management is centralised in the DAG. DRAM access is pre-emptive i e after a FIFO 
unit has made an access then as soon as the FIFO has space to read or data to wrS a Si ac«S ™i £ 

o e rHCU ^ ' ^ ^ ^ D ° ^ intTOduccd •* - -X " LBD 

]* MoT TS'iiL^^f vcrticaI scaling logic is completely contained in the DAG 

S * r r S C ° n ^ 1 eXp0ItS * C h V^"nce signal to the HCUReodLineFIFO which indT 
cates whether to replicate the current dot or supply the next dot for horizontal scaling. 

25.8.10.2 DIU Write Interface 

r ^\ LBDN ?^ti IF ? gCnerateS 311 Ae DIU interface signals directly except for 

sJu_d lu _wadrpj:5J which is generated by the Address Generation logic ^ 

mtfd^e^L^/S^T^"^ Wm * nCgated if itS fCSpeCtive 3ddreSS P™** - DRAM is 
" lmP,ementat ' 0a mUSt enSUre mat no erroneous requests occur on 



ntf_dluwreq 
nHLadrvalld 



& 



wrfte_req 



rULdfuwack 



ntf.diuwdata 64 



nff_diuwvalid 



DIU 
k Write 



Interface ^ 



~ ► sfu_dtu_wreq 
— diu_sfu_w8ck 



64 

X ► sfu_diu_data[63:0) 
► sfu_<flu,wvalld 



Figure 134. DIU Write Interface 



25.8. 10.3 DIU Read Interface 



Share rcad interfacc - rf b °* sources request simul- 

ss^sssjsssar"" a """"■ ro6i ° ^ of — — - — 1 *• 

SSfS^^i/S 8Cn r erateS 3 SigUa1 ' which indicates whether the DIU 

^ » . ftaBl HCUReodLineFIFO or LBDPrevLineFIFO {0=HCUReodLineFIFO, 1 = LBDPrevLine- 
t^Mrn^J l^ ^-^"^Ptaa* the returned DIU acknowledge and read data to either 
t h e HCUReodLineFIFO or LBDPrevLineFIFO. 
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sefect_hrfpjf 




dhjjdfe 



diu_sfu_rack 



hrf_dTurdata 



ptf.dlurdata 



plf_dlurvalld + 
hrt_djurvafld < 



* y< — diu_sfu_data{e3:0J 



<fiu_sfu_rvaffd 



Figure 135. DIU Read Interface multipfexfng by sefect_hrfpff 

^c^on^^a^^T IOgiC U f ^I' 1 ^ 136 ' ^ a * teltl « ,0 * c - U «*« a DIU read 
request on hrf_axurreq or plf_jdiurreq and assert j/i/ <#« m?a which oaa* t« th^ nu t tu. T 

^rirr * r«*° d by Address <^«^5S£ s^ux^srs 

according to the arbitration winner {Q=HCUReadLineFIFO 1 - LBHPrJr SmSiV \i- m&eset 

the DIU state-machine of the arbitration winner is in the idle state, indicated by Wfe fi£ T« 

to ensure that the DIU read data is multiplexed back to the FIFO that requested ft. ^ 



hrf_<fiuwreq 



hrLadrvaUd 



& 



pILdhiwreq 



pJLadrvafid, 



& 



diu_sfu_rack 
dJu_idJe 



Read Request 
Arbitration Logic 



2 

history 
> 



busy 
> 



select_hrfp!f 



-^,sfu_diu_rreq 



Figure 136. DIU read request arbitration logic 
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The DKJ read requests from the HCUReadLineFIFO and LBDPrevLineFlFO will be n ^t^ it *w 

eSTZt^ " DRAM ^ V-^W - 0 orpZ/^STT^LpleZ^ nt" 
ensure that no erroneous requests occur on j/fc diu^rreq 

A pseudo-code description of the DIU read arbitration is given below. 

" inn^i^Jon'rrerer' hr£ ' :Ple, ' ^ i8 "~ dt ine " F °< is LBDPrevLineFIPO 

select_hrfplf = 0 // default choose hrf 

history = none // no DIU read access iiroediately preceding 

'/, !f™^"! ^ ^ betWeen aS8erti "0 *fu_di 0 _rre< 1 and diu_idJe « 1 

x" iscLTsr at -— hi - *- - — the n der assere busy 

busy M o 

^^cft^r 1 ^! reCeived from ^en de-assert Diu request 

if (diu_sfu_rack == 1) then 

//de-assert request in response to acknowledge 
sfu_diu_rreq = 0 

// if not busy then arbitrate between incoming requests 
// if request detected then assert busy 
if (busy 0) then 

//if there is no request 

if <hrf__diurreq 0) AND (plf_diurreq 0) then 

sfu_diu_rreq = o 

history = none 
// else there is a request 
else { 

// assert busy and request DIU read access 
busy » 1 
sfu_diu_rreq « 1 

// arbitrate in round-robin fashion between the requestors 
V* it Tl* HCURettdLin eFIFO requesting choose HCUReadLineFIFO 
if (hrf_dxurreq 1J AND (plf_diurreq 0) then 

history = hrf 

select^hrfplf *= 0 

ti ^^^^^IFO requesting choose LBDPrevLineFlFO 

if (hrf_diurreq 0} AND (plf.diurreq == 1) then 

history = plf 

select_hrfplf = l 

/ ^ i fv, b ^ t ^ HCUReadLineFIF0 and LBDPrevLineFlFO requesting 
if (hrf.dxurreq == i> AND (plf.diurreq 1) then 

// no innnediately preceding request choose HCUReadLineFIFO 
if (history none) then 
history = hrf 
select^hrfplf « o 

iL^l P * ev t ous winner was HCUReadLineFIFO choose LBDPrevLineFlFO 
elsif (history hrf) then 

history = plf 

select_hrfplf e l 

el'sif K r^^^—LincFIPO choose HCUBeadMneFrPO 
history = hrf 



vSioS C - hardWare - deSi9n • S3 P.pnetary Document 

Page 351 



SoPEC : Hardware Design 



25.6.10.4 



J3 



selector f pi f = o 
// end there ie a request 



Address Generation Logic 
The DIU interface generates the DRAM addresses of data read and written by the SFU's FIFOs 



Sfu_go 




; 1 

17^ start sfu adr 


* 


_ 17, sfu dfu_radr[2l:5] 


17, end_sfti_adr 




17, sfu_diu_wadr(2l:5) 


— ^ * 

8 f hcu dram words 


Address Generator 


17, hcu_readT(ne_adr 


nrf_diurack 


17 hcu^startreadline.adr * 


17, K>a_nextllne_adr ^ 


17, bOLpcevline.adr * 
1 ^ ■— ► 


ntf_dkiwadc 


hrf_adrvaiid 


piLdiuradc 


h(f_start.adrvalld h * 


~* 

<bd_sfu_advfine 




n.f_adrvaBd 
pH_adrvalid 


■ 







Figure 137. Address Generation 

The address generator is configured with the number «f koaia 

hcu_dram_wordsp:0], the first DRAM address of rT^r r ^ t0 "** in a HCU 

address of the SFU area, en/jT ^/ 5^ * ™ start ^~^[21:5J, and the last DRAM 

Address Generation 

There are four address pointers used to manage the bi-level DRAM buffer 

-- hcu^dline adrpi.-S] is the read address in DRAM for the HCUReadLineFIFO 

£&S££££g! :51 iS ^ addreSS » DRAM fo < *■ ^nt hne being read by 
e. «<J«*«*P/.-5y is the write address in DRAM for the LBDNextLineFIFO. 
d- lbd^re*l,ne_adr[21: 5 J is the read address in DRAM for the LBDPrevLineFIFO 
The current value of these address pointers are readable by the CPU 

Four va,id flass "* required to whcther *• - 

b. hlf^start__adrvalid. 
c- nlfjudrvalid. 
d - plf^adrvalid. 
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DRAM rewsB ten to FIFOS will no, be ta»d ,o 1. DIU mtil ,he .ppropriate , ddless ft, is 
Rules Tor address pointers 

The address pointers must obey certain rules which indicate whether they are valid- 
*l£- r ^l ine -i r g!l liS 0Dly Valid ifh i$ readin S ^ » «ne than 

at-n-tav+piXJ /= *U*«»*U*rpi:SJ AND hcu^a^utZZ 
d.The LBDPrevLineFIFO can read right up to the address that LBDNextLineFIFO is writine i * 
plf.adrvahd - lbd_prevline_adrpi :5J t- lbd_nextline_adr[21:5]. 

13 ^Po^crs are resetted ,A The first 

f. The address pointers can wrap around the SFU bi-level store area in DRAM. 
X scaling of data for HCUReadLineFIFO 

should supply the current dot ^ ,s 0 HCUReadLineFIFO 



7*- » 




ruOcadvance 


8 . xscale_num 

— if — ■ ► 

8^ xscale^denom 


X Scaling Control 

Unit | 


— " — ► 


~*l 

rtft.hcu_endoffine 


» 

hcu_sfu_advdot 


» 



Figure 138. X scaling control unit 

The algorithm for non-integer scaling is described in the pseudocode below Note x scale caun, *n..u 



if (hcu_sfu_dotadv == i) then 

if (x_scale_count ♦ x_scale_denoro 
x_scale_count = x_scale_count « 
hrf^xadvance = 1 
else 

x_scale__count = x_scale_count + 
hxf^xadvance = 0 

else 



- x_scale_num >« 0) then 
x_scale_denom - x_scale_num 

x_s c a 1 e_d e nom 
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x_scale_count = *_scale_count 
hrf_xadvance = o 



Y scaling of data for HCUReadLineFIFO 



if <hrf_hcu_endofline 1) then 

if (y_scale_count + y_scale_denora 
y_scale_count = y_scale_count ♦ 
hrf^yadvance = l 
else 



- y_8cale__nuin >= 0) then 
y_scale_denom - y_scale_num 



y_scal e_count 



y_s c al e_coun c 

hrf_yadvance = 
else 

y_scale_count = y_scale_count 
nrf_y advance = 0 



y_scale_denom 





yscate_nom 


* 




. hrf_yadvance 


s 


yscale.denom 
r*0>cu_«ndofHne 


— ► 


Y Scaling Control 
Unit 




► 


^ 









Figure 1 39. Y scaling control unit 

offset = hcu_startreadline_adr - end_sfu_adr 
if (offset >» 0) then 

} hcu_ S tartreadli„e_edr - stert^sf u.adr ♦ offset 
hcu_.readline._adr =. hcu_.atartreadline_.adr 



Figure 140 shows an overview of X and Y scaling for HCU data. 
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rtcu_startreadline_adr hcu^readlino.adr 



ORAM 



start of next hcu line In DRAM » 

hcu startreadllne.adr + hcu_<fram_words 



When DRAM reads for line 
are complete advance to next 
Sne or return to start of current tine 
according to Y-scaKng. 




hcu_sfu_advdot 



I sfu_hcu_sdata 
HCUReadL i neFlFO 



hcu_sfu_advdot 



Fioure 140. Overview of X and Y scaling at HCU interface 
Address generator pseudocode: 
Initialization: 

if (sfu_go rising edge) then 

//set flag to allow fi r6t write 
init =1 

//initialise address pointers to start- *f OTT ^ 
hcu_readll„e_ adrt2l!5 , = start _ sf ^ a<lr gj Jj 

elsif (plf_adrvalid == i) then 

// reset flag allowing first write 
init «r 0 



Address valid signals: 

hrf_adrvalid * hcu_readline_adr ■ = lbd_nextline adr 

P^adrvalid „ « Hrf.startadrvalid, 

Address pointer updating: 

/ / LBDNeoc t LineFlFO 

//xf end of SFU address range 

^ <lbd_ne*tline_adr end,sfu_adr> then 

//go to start of SFU address range 

it*L.nextline_adr = start_sfu adr 
else ~ 

//increment address pointer 
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lbd,nextline_adr = lbd_nextline_adr + l 
// LBDPrevLineFIPO 

ii^f™ ^ acknowled 9 e and LBDPrevLineFlFO address is valid 

lbd_prevline__adr = start_sfu adr 
else 

lbd_prevline_adr = lbd_j?revline_adr ♦ l 
// HCUReadLineFlFO 

of f set = hcu_startreadline^adr - encLsfu adr 
if (offset >* 0) then 

, hcu - s tartreadline^adr = start,sfu_adr * offset 
hcu readline_adr » hcu_startreadline adr 

elsxf (hrf hcu^endofline l) and (hrf^advance == 0) th*n 
hcu^readline^adr = hcu_startreadline1[dr ^ 
//if pointing to end of SFU address space 

//a 0 (h r-T dline - adr = ' e " d ^-*<*> then 
//go to start of SFU address space 

hcu_readline_adr «= start sfu adr 
else ~ 

//increment address pointer 
hcu_readline_adr » hcu_readline_adr ♦ l 
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26 Tag Encoder (TE) 



26.1 Overview 



queiulyscle.1 up to 1600dpi. ^ resoluuons less dim, 1600 dpi which can he subset 

Ineded huu, DRAM. The hi*. ^ITJ^SSiSSSS^S. 



DRAM 
interface 



tag 
encoder 



PCU 



tag FIFO 

unit 



halftoner/ 
compositor 



te.finfcshedband 



Figure 141. High level block diagram of TE in context 

a regular page. However. Tf STlR SftE^Zl T? * P 05 * 011 ^ over * e «°p of 

information on the page is pS£ iS^S^S? t'J^T*-?"^ ^ ^ 
^~o^cschemew^^^^ 

P T C r 2 ^ PCf *• -erface has 

52 cycies within PEcT. If taXScTC were tt bT^odiS » approximately 

nominal one dot per cycle it should notiose tie 63/sl T.** production P« «o a 

ma not lose me 63/52 cycle performance edge attained in the PEC1 TE. 
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26.2 What are tags? 



Ss JSSSiSfS? "1 1316 194 °' S by 3,1(1 SHVCT ' Md ^patented in 1952 

(US P*ent 2,612.994) when electronic parts were scarce and very expensive. Now however with the 

UK L™!? P ? 1 V aVai,able C ° mpUter technol °gy. near| y ev «y "em purchased from a shop con- 
^ a barcode of some description on the packaging. From books to CDs, to grocery items, the barcode 

^ CO h D T T y 0f u ,dent1 ^ bv a product number. The exact interpretation of the 

EST dePCt f ° n tyPC ° f barC0de - Warehouse bventoj y ««*u« systemsTet users define 

then- own product number ranges, while inventory in shops must be more universally encoded so that prod- 
ucts from one company don't overlap with products from another company. Universal Product Codes 
STS^SLon m 197 °' S ^ reqUCSt ° f thC Nati0Dal Associat i° n of Food Chains for 

c^^ZT^- S P ec j ficd 111 a lar « c number ^ ^"nats- The older barcode formats contain 

characters that are displayed ,n the form of lines. The combination of black and white lines describe the 
^formation the barcodes contains. Often there are two types of lines to form the complete barcode- the 
( mf ° matl !" ,ts t elf > ^ ,incs t0 blocks for better optical recognition. While the 

information may change from barcode to barcode, the lines to separate blocks stays constant. The lines to 
separate blocks can therefore be thought of as part of the constant structural components of me b^oS 
Barcodes are read with specialized reading devices that then pass the extracted data onto the computer for 
further processing. For example, a point-of-sale scanning device allows the sales assistant to add the 
STS? fX° CUrTem Pl2CeS * e name ° f itCm and * c P rice on a ***y d ™<* verifica- 
S me baSodes 08 ' ^ TeZdaS ' "* ^ ■ mon « 1116 man y devices used to 

To help ensure that the data extracted was read correctly, checksums were introduced as a crude form of 
!T?Qof™ 0n ' recent barcode formats, such as the Aztec 2D barcode developed by Andy Longacre 

ZiZl^J r p Tf? US559,956 >' but now released to *e Public domain, use redundant encSng 
schemes such as Reed-Solomon. Reed Solomon encoding is adequately discussed in [24], [261 and [301 
The reader is adv.sed to refer to these sources for background information. Very often me degree of redun- 
dancy encoding is user selectable. 

More recently there has also been a move from the simple one dimensional barcodes (line based) to two 
dmwnsional barcodes. Instead of storing the information as a series of lines, where the data can be 
£ u 118 dunension ' information is encoded in two dimensions. Just as with the original 
barcodes, the 2D barcode contains both information and structural components for better optical recogni- 
tion. Figure 142 shows an example of a QR Code (Quick Response Code), developed by Dense of Janan 
£JS patent number US5726435). Note the barcode cell is comprised of two' areas: S£ ^K-JK 
die data being stored m the barcode), and a constant position detection partem. The constant position 
detection pattern is used by the reader to help locate the cell itself, then to locate the cell boundaries, to 
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allow the reader to determine the original orientation of the cell (orientation can be determined by the fact 
that there is no 4th comer pattern). 



21 blocks wide 




position detection 
pattern 



Figure 142. Example QR Code developed by Denso of Japan 

The number of barcode encoding schemes grows daily. Yet very often the hardware for producing these 
barcodes is specific to the particular barcode format As printers become more and more embedded there 
is an increasing desire for real-time printing of these barcodes. In particular, Netpage enabled applications 
reqture the pnntmg of 2D barcodes (or tags) over the page, preferably in infra-red ink. The tag encoded 
boPEC uses a generic barcode format encoding scheme which is particularly suited to real-time printing 
Sunce the barcode encoding format is generic, the same rendering hardware engine can be used to produce 
a wide variety of barcode formats. 

Unfortunately the term barcode" is interpreted in different ways by different people. Sometimes it refers 
only to the data area component, and does not include the constant position detection pattern. In other 
cases it refers to both data and constant position detection partem. 

We therefore use the term tag to refer to the combination of data and any other components (such as posi- 
tion detection pattern, blank space etc. surround) that must be rendered to help hold or locate/read the data. 
A teg therefore contains the following components: 

. data area(s). The data area is the whole reason that the tag exists. The tag data area(s) contains the 
encoded date (optionally redundancy-encoded, perhaps simply checksummed) where the bits of the 
data are placed within the date area at locations specified by the teg encoding scheme. 
• constant background patterns, which typically includes a constant position detection pattern These 
help the teg reader to locate the tag. They include components that are easy to locate and may contain 
orientation and perspective information in the case of 2D tegs. Constant background patterns may also 

. include such patterns as a blank area surrounding the date area or position detection partem. These 
blank patterns can aid in the decoding of the data by ensuring that there is no interference between tags 
or data areas. 

In most teg encoding schemes there is at least some constant background pattern, but it is not necessarily 
required by all. For example, if the teg date area is enclosed by a physical space and the reading means 
uses a non-optical location mechanism (e.g. physical alignment of surface to data reader) then a position 
detection pattern is not required. 

Different tag encoding schemes have different sized tegs, and have different allocation of physical tag area 
to constant position detection partem and data area. For example, the QR code has 3 fixed blocks at the 
tlTJZ £" t3g pOSiti ° n detection P attem (see Figure 142) and a data area in the remainder. By con- 
rtast, the Netpage tag structure (see Figures 143 and 144) contains a circular locator component, an orien- 
tation feature, and several date areas. Figure 143(a) shows the Netpage teg constant background pattem in 
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Netpage tag. Note that £ Fig^m a siXbTo Zl t P ^ """k™ 8 t0 1600 a 
form a block within the data area 8 " re P resented * many physical output dots to 




(a) Netpage tag background pattern 




(b) Netpage lag showing c 

Figure 143. Netpage tag structure 




Figure 144. Netpage tag with data rendered at 1600 dpi (magnified view) 
26.2.1 Contents of the data area 

Tlie data area contains the data for the tag 
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mng resolution For example, in the QR code (see Figure 142), a single bit is represented by a dark module 
or a light module, where the exact number of dots in the dark module or light module depends on the ren- 
dering resolution and target reading/scanning resolution. For example, a dark module may be represented 
by a square block of printed dots (all on for binary 1 . or all off for binary 0), as shown in Figure 145 




21 blocks wfda = 42 dots wide 



□E3D 



position detection 
pattern 



single 
= 2x2biack 



□ 



26.2.2 



Figure 145. Example of 2x2 dots for each block of QR coda 

The point to note here is that a single bit of data may be represented in the printed tag by an arbitrary 
printed shape. The smallest shape is a single printed dot, while the largest shape is theoretically the whole 
tag itself, for example a giant macrodot comprised of many printed dots in both dimensions. 

oTdate* 1 8eneriC "* definiti0n structure su,ows to generation of an arbitrary printed shape from each bit 

What do the bits represent? 

Oven an original number of bits of data, and the desire to place those bits into a printed tog for subsequent 
retrieval via a readmg/scanmng mechanism, the original number of bits can either be placed directly into 
the tag, or they can be redundancy-encoded in some way. The exact form of redundancy encodine will 
depend on the tag format. 

The placement of data bite within the data area of the tag is directly related to the redundancy mechanism 
employed in the encoding scheme. The idea is generally to place data bits together in 2D so that burst 
errors are averaged out over the tag data, thus typically being correctable. For example, all the bits of 

by aburet°cn-OT eW ° rd W ° Uld ° U% ***** *** 80 '° minimi2e bein S affected 

Since the data encoding scheme and shape and size of the tag data area are closely linked, it is desirable to 
have a generic tag format structure. This allows the same data structure and rendering embodiment to be 
used to render a variety of tag formats. 

26.2.2. 1 Fixed and variable data components 

I n .n?M CaS «u the r 3 f ^ CM bC reasonablv ***** J«o fixed and variable components. For example, if 
a tag holds tfbite of data, some of these bite may be fixed for all tags while some may vary from tag to tag. 

For example, the Universal product code allows a country code and a company code. Since these bits don't 
change from tag to tag, these bits can be defined as fixed, and don't need to be provided to the tag encoder 
each time, thereby reducing the bandwidth when producing many tags. 



Doc: SoPECLhardware_design 
Version: 2.3 



S3 Proprietary Document 



Nov 2002 
Page 361 



SoPEC : Hardware Design 



J3 



ft. each Ug By S S™ ofS,. ° f "f *? "8 ~y be difff 

the overall bandwidth can be reduced. 

Dem * P^ 41 10 SoPEC's tag encoder for each tag, 

Depending on the embodiment of the tag encoder the^ „ aram „,» i, u . . 
may limit the size of tags referable by £££ Fo ™L H ,mpUcit ° r "* 

pletely variable, while a hardware tag encoderSs SopSS ! 2 ^ eDCOder be com - 
of tag data bits. 35 SoPEC s te 8 "coder may have a maximum number 

Redundancy-encode the tag data within the tag encoder 

to significant savings of bandwid^Ton^^e f0r eaCh ** This Iead * 

live bandwidth and internal storage ZSSSSSSZ °f *" 

encoded data was read directly. 0nly 33 /o of what wo «ld be required if the 



26.3 



Placement of tags on a page 

The TE places tags on the page in a triangular grid arrangement as shown in Figure 146. 



Portrait orientation 



dot direction 
► 



Landscape orientation 



© © © 
© © © 

© © © 



dot direction 
■ — ► 




S 




tag 




tag 




s 



I 0 © 




Uned " Befion Uneauecton 

Figure 146. Placement of tags for portrait & landscape printing 

respond to the same ^artofSe SS^J* » ^ H the tags on that line cor- 

native lines of tags where one ifnSJ! ^ ^! - tnan S ular Placement can be considered as alter- 
of dots is inset &%SZ£^g£Z* T T * *" d0t *— *»• * e ^r.Se 
fiom the line inter-tag gap. g 8 * P ,S 1,16 531116 1,1 both toes of tag, and is different 

same. P P»«™*w of line and dot are swapped, but the placement mechanism is the 
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Start Position 



AflTagUfto Position 




Dot Inter-tag gap 



Une Inter- tag gap 



toe direction 



tag within 
tag's bounding 
box 



Tag width 
< ► 



tag within 
tag's bounding 
box 



as shown in Figure 147. 
dot direction 



Tag height 



Dot Inter-tag gap 



tag within 
tag's bounding 



Thei 



Figure 147. General representation of tag placement 

not ST 15 " ^ *—* * ™* 1^0. Note that these a, p.acement parameters and 

Table 120. Tag placement parameters 







Tag height 




imam 


Tag width 


TT>e number of dots in a single line of the tag's bound- 
frig box. The number of dots in the tag itself may vary 

dote in the bounding box will be constant (by defint- 


minimum 1 
minimum 1 


Dot inter-tag gap 


,1^ e " umb l r of dots from the edge of one tag's bound- 


minimum = 0 


Una inter-tag gap 


The number of dot lines from the edge of one tag's " 
bounding box to the start of the next tag's bounding 
box, In the line direction. B 


minimum = 0 


Start Position ~~ " 


^Z7T,T tUS ° 1 *™ t0p te «*»ton the page -is an 
offset in dot & row within the tag or the interna gap 




ArtTagUnePosltion 


Defines the status for the start of the alternate row of " 
togs Is an offset in dot within the tag or within the dot 
inter-tag gap (the row position is always 0) I 





26.4 



Basic tag encoding parameters 



S^^fSXSZ ™£1 0DS ° n * enCOdin8 Param «- - a <*~ «•* of on-chip 
Although the f^^^S^SX^^r WCU " Actions where appropriate" 

take the most lucely encoding scenarios into account, it is a sim- 
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Table 121, Encoding parameters 




N 



tag size 



number of dots in each dimension of the tag 



Dy 



redundancy encoding for tag data 



size of fixed data (unencoded) 



2 14 dotpairs or 20.48 inches at 1600 dpi 



typical tag size is 2mm x 2mm 
maximum tag size is 384 dots x 384 dots 
before scaling i.e. 6 mm x 6 mm at 1600 dpi 



384 dots before scaling 



Reed-Solomon GF(2 4 ) at 5:10 or 7:8 



sfeeof redundancy-encoded fixed data 



size of variable data (unencoded) 



size of redundancy-encoded variable data 



tags per page width 



40 or 56 bits 



120 bits 



120 or 112 bits 



360 or 240 bits 



85 packed 6mm x 6mm tags (384 x 384 
dots) will fit in 20.48 inches 



The feed data for the tags on a page need only be supplied to the TE once. It can be supplied as 40 or 56 
supplied as 1 20 bits of pre-encoded data (encoded arbitrarily). 

2le SJIS ^ f °r^. e ° D • PagC ^ 1 12 or 120 data bits that axe variable for each tag Van- 

26.4.1 Redundancy encoding 

"^.7^ **** bitS ^ 6X641 811(1 Variable ) to redundancy encoded bits relies heavily on the 
S^ors^^T^ emP, °/ eA Reed - Solomon was chosen for its abiH^ d^ JS 

burst errors and effectively detect and correct errors using a minimum of redundancy Reed SoloZn 

In this implementation of the TE we use Reed-Solomon encoding over the Galois Field GFf2 4 l «5vmh«i 

nofvn* r ^? C °4 dCWOrd COataiDS 15 4 - bh S ^ bols for a codeword liS of S ZS 

polynomial is,**; - * 4 + * + 1 , and the generator polynomial is g(x) = (x^xHxh (x+a^> "uiT^T 

number of symbols that can be corrected. ^+aj(x+o J...(*+a"), where t - the 

Of the 1 5 symbols, there are two possibilities for encoding: 

* S. 5 'i 5 Symb0lS ° riginal data (2 ° bits) ' md 1 0 redundancy symbols (40 bits). The 10 redundancv 
■SSS? UP t0 5 Symb ° ,S " 1116 ^or'polynomial V£S2Eg 

' S R vn5boi S ?) mL^' S ° riginal ^ (28 bitS) * 8 redundanc y symbol* 02 bits). The 8 redundancy 
SWHW) 0811 COrrCCt ^ t0 4 Symb ° 1S " em>n ^ generat ° r P°^ 0mial is *S - 
i" * 6 S? ^ with 5 symbols of original data, the total amount of original data per tag is 160 bits (40 
Sal ^ " redUndanCy 6nC0dCd » ^ a tota ' -ountof 480 brts^^edf 360 ^ 
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• Each tag contains up to 40 bits of fixed original data. Therefore 2 codewords are required for the fixed 
data, giving a total encoded data size of 120 bits. Note that this fixed data only needs to be encoded 
once per page. 

• Each tag contains up to 1 20 bits of variable original data. Therefore 6 codewords are required for the 
variable data, giving a total encoded data size of 360 bits. 

In the second case, with 7 symbols of original data, the total amount of original data per tag is 168 bits (56 
fixed, 1 12 variable). This is redundancy encoded to give a total amount of 360 bits (120 fixed, 240 vari- 
able) as follows: 

• Each tag contains up to 56 bits of fixed original data. Therefore 2 codewords are required for the fixed 
data, giving a total encoded data size of 120 bits. Note that this fixed data only needs to be encoded 
once per page. 

• Each tag contains up to 112 bits of variable original data. Therefore 4 codewords are required for the 
variable data, giving a total encoded data size of 240 bits. 

The choice of data to redundancy ratio depends on the application. 



The Tag Format Structure (TFS) is the template used to render tags, optimized so that the tag can be ren- 
dered in real time. The TFS contains an entry for each dot position within the tag's bounding box. Each 
entry specifies whether the dot is part of the constant background partem or part of the tag's data compo- 
nent (both fixed and variable). 

The TFS is very similar to a bitmap in that it contains one entry for each dot position of the tag's bounding 
box. The TFS therefore has TagHeight x TagWidth entries, where TagHeight matches the height of the 
bounding box for the tag in the line dimension, and TagWidth matches the width of the bounding box for 
the tag in the dot dimension. A single line of TFS entries for a tag is known as a tag line structure. 

The TFS consists of TagHeight number of tag line structures, one for each 1600 dpi line in the tag's 
bounding box. Each tag line structure contains three contiguous tables, known as tables A, B, and C. Table 
A contains 384 2-bit entries, one entry for each of the maximum number of dots in a single line of a tag 
(see Table 121). The actual number of entries used should match the size of the bounding box for the tag in 
the dot dimension, but all 384 entries must be present 1 . Table B contains 32 9-bit data addresses that refer 
to (in order of appearance) the data dots present in the particular line. All 32 entries must be present, even 
if fewer are used. Table C contains two 5 -bit pointers into table B, and is stored in the 10 low bits of the 
next 32-bit word (the upper 22 bits are unused). The total length of each tag line structure is therefore 34 x 
32-bit words. Padding (18 x 32-bit words) is inserted after every 7 tag line structures to keep each tag line 



26.5 



Data structures used by tag encoder 



26.5.1 



Tag Format Structure 



1. This is done so that it is possible to go from one line within a tag to the next by simply adding 33 in 32-bit based addressing to DRAM. 
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requires i 



~mpletely within a 1KByte boundary (thus a TFS containing TagHeight tag line structures 
TagHeightT, rounded up KBytes). The structure of a TFS is sholn if Figure US 

Tag Format Structure 



tag One structure 0 



tag line structure 1 



tag line structure 2 



tag line structure 6 



reserved and unused 
(18x32-Wts) 



tag Una structure 8 







tag line structure n 



\ 



\ 



\ 



\ 



\ 



tag line structure 



table A 
(384 entries x 2-bits) 
(768 bits) 



tables 
(32 entries x S-bits) 
(288 bits) 



(2 entries x 5-bits) 
(10 bits) 



reserved and 
unused 
(22 bits) 



Figure 148. Composition of SoPEC'stag format structure 

is given in section 26.8.3 on page 



A Jill description of the interpretation and Usage of Tables A, B and C 



26.5.1.1 Scaling a tag 



If the size of the printed dots is too small, then the tag can be scaled in one of several wavs Either th. t»o 
ifcelf can be scaled by N dots in each dimension, which increases the ^^SZ^S^^i 

tsxsss^sr. * TE - -r * *** ■ VSKSs 

would repeat each entry across each line of the TFS, and then ^ 
net number of entries in the TFS would be increased fourfold (2 x 2). 

The TFS allows the creation of mocrodots instead of simple scaling Loolrinc at Fioure 1 do * i 

2£l2T% ?° ^ ^ entCd b/ 7 X 7 Printed d0ts - If we ^mply Performed replicant by ?! Sch 

Slup "J ^Z^T-t - "" ^ ^ ° f 7178 by 7 ^ ^nsion oV putf^a 

scale-up on the output of the tag generator output, then we would have 9 sets of 7 x 7 square blocks 
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™T£Zl?Zl^ Ch ° f ^ *" " * e by a 7 x 7 dot definition of a rounded dot. Fig- 
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Figure 149. SimpJe 3x3 tag structure 
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Figure 150. 3x3 tag redesigned for 21 x 21 area (not simple replication) 

wh~ ™ y ^? hi8hCr reS ° ,Uti0n ° f TFS m0re P™ ted dots ^ printed for each macrodot, 
where a macrodot represents a single data bit of the tag. The more dots that are available to produce a mac- 

sW. T m °r C ° mp CX Pattem ° f the macrodot <^ be. As an example, Figure 144 on page 360 
shows the Netpage tag structure rendered such that the data bits are represented by an average of 8 dots x 
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8 dots (at 1600 dpi), but the actual shape structure of a dot is not square. This allows the printed Netpage 
tag to be subsequently read at any orientation. 

26.5.2 Raw tag data 

The TE requires a band of unencoded variable tag data if variable data is to be included in the tag bit- 
plane, A band of unencoded variable tag data is a set of contiguous unencoded tag data records, in order of 
encounter top left of printed band from top left to lower right. 

An unencoded tag data record is 128 bits arranged as follows: bits 0<1 1 1 or 0.-1 19 are the bits of raw tag 
data, bit 120 is a flag used by the TE (TaglsPrinted), and the remaining 7 bits are reserved (and should be 
0). Having a record size of 128 bits simplifies the tag data access since the data of two tags fits into a 256- 
bit DRAM word. It also means that the flags can be stored apart from the tag data, thus keeping the raw tag 
data completely unrestricted. If there is an odd number of tags in line then the last DRAM read will con- 
tain a tag in the first 128 bits and padding in the final 128 bits. 

The TaglsPrinted flag allows the effective specification of a tag resolution mask over the page. For each 
tag position the TaglsPrinted flag determines whether any of the tag is printed or not This allows arbitrary 
placement of tags on the page. For example, tags may only be printed over particular active areas of a 
page. The TaglsPrinted flag allows only those tags to be printed. TaglsPrinted is a 1 bit flag with values as 
shown in Table 122. 



Table 122. TaglsPrinted values 





nm m m 


0 


Don't print the tag rn this tag position. 

Output 0 for each dot within the tag bounding box. 


i 


Print the tag as specified by the various tag structures. 



DRAM storage requirements 

The total DRAM storage required by a single band of raw tag data depends on the number of tags present 
in that band Each tag requires 128 bits. Consequently if there are Af tags in the band, the size in DRAM is 
16N bytes. 

The maximum size of a line of tags is 163 x 128 bits. When maximally packed, a row of tags contains 163 
tags (see Table 121) and extends over a minimum of 126 print lines. This equates to 282 KBytes over a 
Letter page. 

The total DRAM storage required by a single TFS is TagHeightfl KBytes (including padding). Since the 
likely maximum value for TagHeight is 384 (given that SoPEC restricts TagWidth to 384), the maximum 
size in DRAM for a TFS is 55 KBytes. 

DRAM access requirements 

The TE has two separate read interfaces to DRAM for raw tag data, TD, and tag format structure, TFS. 
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The memory usage requirements are shown in Table 123. Raw tag data is stored in the compressed page 
store 

Table 123. Memory usage requirements 









Compressed page store 


2048 Kbytes 


Compressed data page store for BMevef, contone and 
raw tag data. 


Tag Format Structure 


55 Kbyte (384 dot fine tags 
@ 1600 dpi) 


55 kB In PEC1 for 384 dot fine tags (the benchmark) at 
1600 dpi 

2.5 mm tags (1/10th inch) @ 1600 dpi require 160 dot 

lines = 160/384 x55 or 23 kB 

2.5 mm tags @ 800 dpi require 80/384 x55 = 12 kB 



„ — '~ uviu i^iviTj.Y A a uxuc. cazii ^jd-du reaa reiurns z tunes Izo-Dit tags. 

The TD interface to the DIU will be a 256-bit double buffer. If there is an odd number of tags in line then 
the last DRAM read will contain a tag in the first 128 bits and padding in the final 1 28 bits. 

The TFS interface will also read 256-bits from DRAM at a time. The TFS required for a line is 136 bytes. 
A total of 5 times 256-bit DRAM reads is required to read the TFS for a line with 192 unused bits in the 
fifth 256-bit word A 136-byte double-line buffer will be implemented to store the TFS data. 
The TE's DIU bandwidth requirements are summarized in Table 124. 

Table 1 24. DRAM bandwidth requirements 



Ilia -c^'J-.s.^Ij^i 




BBS! 


lis. is^S^i 




sis 

Mm 




TD 


Read 


Single 256 bit reads 1 . 


1.02 


1 .02 


TFS 


Read 


Single 256 bit reads 2 . TFS is 
136 bytes. This means there 
is unused data in the fifth 
256 bit read. A total of 5 
reads is required. 


0.093 


0.093 



2: 17 x 64 bit reads per line in PEC1 is 5 x 256 bit reads per line in SoPEC with unused bits in the last 256-bit read. 



26.5.5 Tag sizes 

SoPEC allows for tags to be between 0 to 384 dots. A typical 2 mm tag requires 1 26 dots. Short tags do not 
change the internal bandwidth or throughput behaviours at all. Tag height is specified so as to allow the 
DRAM storage for raw tag data to be specified. Minimum tag width is a condition imposed by throughput 
limitations, so if the width is too small TE cannot consistently produce 2 dots per cycle across several tags 
(also there are raw tag data bandwidth implications). Thinner tags still work, they just take longer and/or 
need scaling. 
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26.6 Implementation 



26.6.1 Tag Encoder Architecture 

A block diagram of the TE can be seen below. 
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Figure 151. TE Block Diagram 

The TE writes lines of bi-level tag plane data to the TFU for later reading by the HCU. The TE is respon- 
sible for merging the encoded tag data with the tag structure (interpreted from the TFS). Y-integer scaling 
of tags is performed in the TE with X-integer scaling of the tags performed in the TFU. The encoded tag 
layer is generated 2 bits at a time and output to the TFU at this rate. The HCU however only consumes 1 
bit per cycle from to TFU. TheTE must provide support for 126dot Tags (2mm densely packed) with 108 
Tags per line with 128bits per tag. 
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The tog encoder consists of a TFS interface that loads and decodes TFS entries, a tag data interface that 
loads tog raw data, encodes it, and provides bit values on request, and a state machine to generate appropri- 
ate addressing and control signals. The TE has two separate read interfaces to DRAM for raw tog data, 
TD, and tog format structure, TFS. 

It is possible that the raw tag data interface, the TD, to the DIU could be replaced by a hardware state 
Z^ZTa Tl^^tT^ aU ° W * eXMUty m generation of ta 8 s - Su PP° rt ** Y scaling needs 

1 ~ t / C1 TP • ^ PECI TE ****** al,0WS S,allin S at its out P ut durin I a Knf when 

vu_te_oktowrtte is deasserted. 



26.6.2 Y-Scaling output lines 



In order to support scaling in the Y direction the following modifications to the PECI TE are suggested to 
the Tag. Data Interface, Tag Format Structure Interface and TE Top Level: 

* S F Da *J nterftc f : Program the configuration registers of Table 126,firstTagLineHeight and tag- 
MaxLine with true value i.e. not multiplied up by the scale factor YScale. Within the Tag Data interface 
there are two counters, countx and county that have a direct bearing on the rawTagDataAddr genera- 
tion countx decrements as tags are read from DRAM. It is reset to NumTagspttdTagSenseJ at start of 
each line of togs, county is decremented as each line of tags is completely read from DRAM i e countx 
- 0. Scaling may be performed by counting the number of times countx reaches zero and only decre- 
menting county when this number reaches YScale. This will cause the TagData Interface to read each 
line of tag data NumTags [RtdTagSense] * YScale times. 

• for tag Format Structure Interface: The implication of Y-scaling for the TFS is that each Tac Line 
structure is used YScale times. This may be accomplished in either of two ways: 

• For each Tag Line Structure read it once from DRAM and reuse YScale times. This involves gating 
the control of TFS buffer nipping with YScale. Because of the way in which this advT/sLine and 
advTagLine related functionality is coded in the PECI TFS this solution is judged to be error-prone 

• Fetch each TagLineStructure YScale times. This solution involves controlling the activity of currTf- 
sAddr with YScale. % 

? S °^ EC ^f, TFS mUSt suppIy five addresses to Ae DIU to read each individual Tag Line Struc- 
4 * 64 " bit words for of the 5 accesses. This is different from the behav- 
iour in PECI, where one address is given and 17 data-words were returned by the DIU 
Sujee the behaviour of the currT/sAddr must be changed to meet the requirements of the SoPEC 
DIU it makes sense to include the Y-Scaling into this change i.e. a count of the number of com- 
pleted I sets of '5 accesses to the DIU is compared to YScale. Only when this count equals YScale can 
currTfiAddr be loaded with the base address of the next lines Tag Line Structure in DRAM, other- 
wise it is re-loaded with the base address of the current lines Tag Line Structure in DRAM. 

► For Top Level: The Top Level of the TE has a counter, LinePos, which is used to count the number of 
completed output lines when in a tog gap or in a line of tags. At the start (i.e. top-left hand dot-pair) of 
a gap or tag LinePos is loaded with either TagGapLine or TagMaxLine. The value of LinePos is decre- 

JTJT^ at ' aSt , d0t ? air in line - Y - Sca «ng may be accomplished by gating the decrement of LinePos 
based on YScale value 
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26.6.3 TE Physical Hierarchy 

lag Encoder 



Top Level FSM 
+ PCU + Comb 
Logic for Muxfng 
etc. 



Tag Data Interface 



Raw Tag Data 
Interface 



Reed Solomon 
Encoder 



Encoded Tag Data Interface 



encoded 
fixed tag 
data 



2D Decoder 



encoded 
variable tag 
data 



lag f-ormat structure ( 1 FSJ 



Table A 



Reg o/p 



TaWeC 



Reg o/p 



Table B 



Figure 152. TE Hierarchy 

2S™ T^ V F iUUS Ttl S St ^ al ° fthc TE ' ^ to P lcveI ** Ta * ^ta Inter- 

^ £ DI) ' Ta * Format Sto «w CTFS), and an FSM to control the generation of dot pate along with a 

tmSST ^ ° Ut I** rCad/WritC dCCOding - nm * * SO *°™ additionaTlogic forming 
the output data and generating other control signals. 

£^ gh *? TE ^ prOCCSSeS outout lines of a page one line at a time, with the 

S?? ^ S £°J? Clther m mter " ta S ^ P or in a tag (a SoPEC may be only printing part of a tag due to 
multiple SoPECs printing a single line), s 

^ C n^ n !^ Siti r n ^ r 1 ^^ gap ' ^ ° UtpUt of 0 is * enerated If *■ c ™ Position is 

* * e ' * e ** forma f 15 ««d to determine the value of the output dot, using the appropriate 

encoded data bit from Ae fixed or variable data buffers as necessary. The TE then advances along the7Se 
of dots, moving through tags and inter-tag gaps according to the tag placement parameters. 
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I 26.6.4 fO Definitions 



Table 125. TE Port Ust 







IS 




Clocks and Resets 


pdk 


1 


In 


SoPEC Functional clock. 


prst_n 


1 


In 


Global reset signal. 


Bandstore Signals 


cdu_endofbandstore[21 :5J 


17 


In 


Address of the end of the current band of data. 
256 -bit word aligned ORAM address. 


cdu_startofbandstore[21 :5] 


17 


In 


Address of the start of the current band of data. 
256-bit word aligned DRAM address. 


te_finishedband 


1 


Out 


TE finished band signal to PCU and ICU. 


PCU Interface data and control signals 


pcu_addr!82] 


7 


In 


PCU address bus. 7 bits are required to decode the address space 
for this Mock. 


pcu_dataoutf31:0J 


32 


In 


Shared write data bus from the PCU. 


te_pcu_dataln[31:0J 


32 < 


Out 


Read data bus from the TE to the PCU. 


pcu_rwn 


1 


tn 


Common read/not-write signal from the PCU. 


pcu_te_sel 


1 


In 


Block select from the PCU. When pcu_to_sei Is high both 
pcu_addr and pcu_dataout are valid. 


te_pcu_rdy 


1 


Out 


Ready signal to the PCU. When te^pcu_rdy is high It indicates the 
last cycle of the access. For a write cycle this means pcu_dateout 
has been registered by the block and lor a read cycle this means 
the data on te_pcu_datain is valid. 


TD (raw Tag Data) OIU Read Interface signals 


td_dtu_jreq 


1 


Out 


TD requests DRAM read. A read request must be accompanied by 
a valid read address. 


tri_diu_radrt21:5] 


17 


Out 


TD read address to DIU. 

17 bits wide (256-bit aligned word). 


diu_td_rack 


1 


In 


Acknowledge from DIU that TD read request has been accepted 
and new read address can be placed on te_diu_radr. 


diu_data(63:0J 


64 - 


In 


Data from DIU to TE. 
First 64-bits are bits 63:0 of 256 bit word; 
Second 64-bits are bits 127:64 of 256 bit word; 
Third 64-bits are bits 191 :128 of 256 bit word; 
Fourth 64-bits are bits 255:192 of 256 bit word. 


diu_td_rvalid 


1 


tn 


Signal from DIU telling TD that valid read data is on the diu_data 
bus. 


TFS (Tag Format Structure) DIU Read Interface signals 


tfs_diu_rreq 


1 


Out 


TFS requests DRAM read. A read request must be accompanied 
by a valid read address. 


tfs_diu_radr[21:5] 


17 


Out | 


TFS Read address to DIU 

1 7 bits wide (256-bit aligned word). 


diu__tfs_rack 


1 


In 


Acknowledge from DIU that TFS read request has been accepted 
and new read address can be placed on tfs diu radr. 
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Table 125. TE Port List 







Ml 




dtu_data{63:0j 


64 


In 


Data from DIU to TE. 
First 64-bits are bits 63.-0 of 256 bit word; 
Second 64-bits are bits 1 27:64 of 256 bit word; 
Third 64-bits are bits 1 91 : 1 28 of 256 bit word; 
Fourth 64-bits are btts 255:192 of 256 bit word. 


diu_tfs_rvafid 


1 


In 


Signal from OIU telling TFS that vaGd read data Is on the diu data 
bus. 


TFU Interface data and control signals 


tfu_te_oktowrite 


1 


In 


Ready signai indicating TFU has space available and is ready to be 
written to. Also asserted from the point that the TFU has redeved 
its expected number of bytes for a line until the next 
to tfu wradvUne 


te_tfu_wdata[7:0] 


8 


Out 


Write data for TFU. 


te_tfu_wdata valid 


1 


Out 


Write data valid signal. This signai remains high whenever there is 
valid output data on te tfu wdata 


te_tfu_wradv1ine 


1 


Out 


Advance line signal strobed when the last byte in a Pne is placed 
on fa tfu wdata 



26.6.5 Configuration Registers 



The configuration i registere in the TE are programmed via the PCU interface.Refer to section 21.8.2 on 
page 257 for the descnpnon of the protocol and timing diagrams for reading and writing registere in the 
TE.Note that suice addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 

™ ™ CS , ^ C , 1<We L r 2 bitS 0f PCU address ^ « not quired to decode the address space for the 
I b. l able 1 26 lists the configuration registers in the TE. 

Registers which address DRAM are 64-bit DRAM word aligned as this is the case for the PEC1 TE 
SoPEC assumes a 256^-bit DRAM word size. If the TE can be easily modified then the DRAM word 
addressing should be modified to 256-bit word aligned addressing. Otherwise, software should program 
these the 64-bit word aligned addresses on a 256-bit DRAM word boundary.. 



Table 126. TE Configuration Registers 




Cont rol registers 
0x00 



0x04 



Reset 



Go 



A write to this register causes a reset of the TE. 
This register can be read to indicate the reset state: 

0 - reset in progress 

1 • reset not in progress 



Writing 1 to this register starts the TE. Writing 0 to this 
register harts the TE. 

When Go is deasserted the state-machines go to their 
idle states but all counters and configuration registers 
Keep their values. 

When Go is asserted all counters are reset, but con- 
figuration registers keep their values (I.e. they don't 
get reset). NaxtBandEnabfe is cleared when Go is 
asserted. 

The TFU must be started before the TE is started. 
This register can be read to determine if the TE is run- 
J ning (1 = running, 0 = stopped) . 
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Table 126. TE Configuration Registers 




Setup registers (constant for processing of a page) 
0x40 " ' 



0x4C 



0x50 



0x54 



0x58 



OxSC 



0x64 



0x6C 



0x70 



TfsStartAdr 
(64-bit aligned DRAM 
address - should start at 
a 256-bit aligned loca- 
tion) 



19 



0x44 | TfsEndAdr 

(64-bH aligned DRAM 
address - should start at 
a 256-bit aligned loca- 
tion) 



19 



Points to the first word of the first TFS line in DRAM. 



Points to the first word of the last TFS line In DRAM. 



0x48 \ TfsRrstUneAdr 

(64-brt aligned DRAM 
address) 



19 



DataRedun 



Points to the first word of the first TFS line to be 
encountered on the page. If the start of the page is In 
an inter-tag gap, then this value will be the same as 
TFSStartAdr since the first tag line reached will be the 
top line of a tag. 



Decode2DEn 



Defines the data to redundancy ratio for the Reed 
Solomon encoder. Symbol size is always 4 Wis, Code- 
word size is always 1 5 symbols (60 bits). 

0 - 5 data symbols (20 bits). 10 redundancy symbols 
(40 bits) 

1 -7 data symbols (26 bits). 8 redundancy symbols 
(32 bits) 



VariabfeDataPresent I 1 



Determines whether or not the data bits are to be 2D 
decoded rather than redundancy encoded (each 2 
bits of the data bits becomes 4 output data bits). 

0 = redundancy encode data 

1 = decode each 2 bits of data into 4 bits 



Encode Fixed 



Defines whether or not there is variable data in the 
tags. If there is none, no attempt is made to read tag 
data, and tag encoding should only reference fixed 
tag data. 



Determines whether or not the lower 40 (or 56) bits of 
fixed data should be encoded into 120 bits or simply 
used as is. 



TagMaxDotpairs 



TagMaxUne 



The width of a tag in dot-pairs, minus 1 . 
Minimum 0. Maximum=1 91. 



TagGapOot 



14 



0 

"o~ 



The number of lines in a tag. minus 1 . 
Minimum 0, Maximum = 363. 



TagGapUne 



14 



The number of dot pairs between tags in the dot 

dimension minus 1. 

Only valid if TagGapPresenfbtt 0] = 1. 



DolPairsPerUne 



Defines the number of dotlines between tags in the 

line dimension minus 1 . 

Only valid rf 7agGapP/Bsen{bit1] = 1. 



14 



DotStartTagSense 



Number of output dot pairs to generate per tag line. 



Determines for the first/even (bit 0) and second/odd 
(bit 1) rows of tags whether or not the first dot position 
of the line is in a tag. 
1 - In a tag. 0 e in an inter-tag gap. 
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Table 126. TE Configuration Registers 





iliiiiiiPiP 


Urn 


n 




0x74 


TagGapPresent 








c 


U 


bit 0 is 1 if there is an inter-tag oao fn the dot dim«n- 
sion, and 0 if tags are tightly packed. 
Bit 1 is 1 if there is an inter-tag gap in the line dimen- 
sion, and 0 if tags are tightly packed. 


0x78 


YScaie 


8 


1 


Tag scale factor in Y direction Otifmri iin« e to, «k« -rm ■ 
w wi * ■ ««»c*<uuii. vui}jui lines to 1x16 irU 

wifl be generated YScaie times. 


OxSOto 
0x84 


DotStartPos 


2x14 


0 


Determines for the first/even (0) and second/odd (1) 
rows of tags the number of dotpairs remaining minus 
i , in either thf* tun or infarct*** r»?» «-»* *i* _ _ . . 
1 ° ,u,cr u,c w a °» inier*iag gap at the start of the 

line. 


0x83 to 
0x8C 

t>etup oand 


NumTags 
related registers 


2x8 


0 


Determines for the first/even and second/odd rows of 
tags how many tags are present in a line (equals 
number of tags minus 1 ). 


OxCO 


NextBandStartTagOa- 
taAdr 

(64-brt aligned ORAM 
address - should start at 
a 256-bit aligned loca- 
tion) 






Holds the value of StarfTagOataAdr for the next band. 
This value is copied to StartTagDataAdr when 
OoneBand is t and NextBandEnaWe is 1. or when Go 
transitions from 0 to 1. 


0xC4 


NextBandEndOfTagOata 
(64-bit aiigned ORAM 
address) 






Holds the value of EndOfTagData for the next band. 
This value is copied to EndOfTagData when 
OoneBand is 1 and NextBandEnable is 1. or when Go 
transitions from 0 to 1 . 


0xC8 


Height 


9 


0 


Holds the value of RrsfTagUneHeight for the next 
band. This value is copied to RrstTagUneHeight when 
DoneBand gets is 1 and NextBandEnable is 1, or 
when Go transitions from 0 to 1 . 


OxCC 

Read-only baj 


NextBandEnable 
nd related registers 






When NextBandEnable is 1 and DoneBand is 1, then 
when te_finishedband Is set at the end of a band: 
-NextBandStarfTagDataAdr is copied to StartTagDa- 
taAdr 

-NextBand EndOfT ag Data is copied to EndOfTagData 
-NextBandRrstTagUneHeight Is copied to RrstTa- 
gUneHeight 
-DoneBand is cleared 
-NextBandEnable is cleared. 
NextBaruJEnabte is cleared when Go is asserted. 
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Table 126. TE Configuration Registers 




0xD4 



OxOC 



StartTagDataAdr 
(64-bit aligned ORAM 
address - should start at 
a 256-bit aligned loca- 
tion) 



EndOfTagData 
(64-bft aligned ORAM 
address) 



RrsfTagUrteHeight 



19 



19 



Specifies whether the tag data interface has finished 
loading a« the tag data for the band. 
Jt is cleared to 0 when Go transitions from 0 to 1. 
When the tag data interface has finished loading all 
the tag data for the band, the te^ftnishedband signal 
is given out and the OoneBand flag is set. 
If NextBandEnabJe isl at this time then StartTagDa- 
taAdr, endOfTagOata and firstTagtinehteight are 
updated with the values for the next band and 
OoneBand is cleared. Processing of the next band 
starts immediately. 

if NextBandSnabfe is 0 then the remainder of the TE 
will continue to run., while the read control unit waits 
for NextBandEnabfeto be set before H restarts. Read 
only. 



The start address of the current row of raw tag data. 
This is initially points to the first word of the band's tag 
data, which should be aligned to a 128-bit boundary 
(i.e. the lower bit of this address should be 0). Read 
only. 



Points to the address of the final tag for the band. 
When all the tag data up to and including address 
endOfTagData has teen read in, the tejRnishedband 
signal is given and the doneBand flag is set. Read 
only. 



The number of lines minus 1 in the first tag encoun- 
tered in this band. This w8l be equal to TagMaxUne If 
the band starts at a tag boundary. Read only. 



Work registers (set before starting the TE and must not be touched between ba^) 



0x100 



0x104 



0x1 10 to 
0x1 1C 



LinelnTag 



LinePos 



TagData 



14 



4x32 



Work registers (set Internally) 

Read-only from the point of view of PCU register access 



Determines whether or not the first line of the page is 
in a line of tags or in an inter-tag gap. 
1 * in a tag, 0 - in an inter-tag gap. 



The number of lines remaining minus 1 , in either the 
tag or the inter-tag gap In at the start of the page. 



This 128 bit register must be set up initially with the 
fixed data record for the page. This is either the lower 
40 (or 56) bits (and the encodeRxed register should 
be set), or the lower 1 20 bits (and encodedPlxed 
should be clear). The tagDataJO] register contains the 
lower 32 bits and the tagData[3J register contains the 
upper 32 bits. 

This register is used throughout the tag encoding 
process to hold the next tag's variable data. 



0x140 



0x144 



DotPos 



CurrTagPlaneAdr 



14 



14 



Defines the number of dotpairs remaining in either the 
tag or inter-tag gap. Does not need to be setup. 



The dot-parr number being generated. 



DotslnTag 



Determines whether the current dot pair is in a tag or 
not 

V- In a tag, 0 - in an inter-tag gap. 
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Table 126. TE Configuration Registers 




0x154 



0x158 



0x160 



0x164 



0x168 



CurrTFSAdr (64-bit 
aligned ORAM address) 



ReadsRemaining 



CountX 



CountY 



RtdTagSense 



RawTagDataAdr 
(64-bit aligned ORAM 
address) 



19 



19 



Determines whether the production of output dots is 
tor the first (and subsequent even) or second (and 
subsequent odd) row of tags. 



Points to the start next line of the TFS to be read in. 



Number of reads remaining in the current burst from 
the raw tag data interface 



The number of tags remaining to be read (minus 1 ) by 
the raw tag data interface for the current line 



The number of times (minus 1) the tag data for the 
current line of tags needs to be read in by the raw tag 
data interface. 



Determines whether the raw tag data interface is cur- 
rently reading even rows of tags (=0) or odd rows of 
tags (-1 ) with respect to the start of the page. Note 
that this can be different from tagAItSense since the 
raw tag data interface is reading ahead of the produc- 
tion of dots. 



The current read address within the unencoded raw 
tag data. 



control 
pcu_dataoutI3l:0J 




tej>cu_dataln[31:0] 



te_pcu_rdy 



Figure 153. Block diagram of PCU accesses 
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26.6.5.1 Starting the TE and restarting the TE between bands 



The TE must be started after the TFU. 

For the first band of data, users set up NextBandStartTagDatoAdr, NextBandEndTagData and NextBand- 
FirstTagLineHeight as well as other TE configuration registers. Users then set the TE's Go bit to start pro- 
cessing of the band. When the tag data for the band has finished being decoded, the te Jinishedband 
interrupt will be sent to the PCU and ICU indicating that the memory associated with the first band is now 
free. Processing can now start on the next band of tag data. 

In order to process the next band NextBandStartTagDatoAdr, NextBandEndTagData and NextBandFirst- 
TagLineHeight need to be updated before writing a 1 to NextBandEnable. There are 4 mechanisms for 
restarting the TE between bands: 

a. tejinishedband causes an interrupt to the CPU. The TE will have set its DoneBand bit. The 
CPU reprograms the NextBandStartTagDatoAdr, NextBandEndTagData and NextBandFirstTa- 
gLineHeight registers, and sets NextBandEnable to restart the TE. 

b. The CPU programs the TE's NextBandStartTagDatoAdr, NextBandEndTagData and NextBand- 
FirstTagLineHeight registers and sets the NextBandEnable flag before the end of the current 
band. At the end of the current band the TE sets DoneBand. As NextBandEnable is already 1 , 
the TE starts processing the next band immediately. 

cThe PCU is programmed so that tejinishedband triggers the PCU to execute commands from 
DRAM to reprogram the NextBandStartTagDatoAdr, NextBandEndTagData and Next- 
BandFirstTagLineHeight registers and set the NextBandEnable bit to start the TE processing 
the next band. The advantage of this scheme is that the CPU could process band headers in 
advance and store the band commands in DRAM ready for execution. 

d.This is a combination of b and c above. The PCU (rather than the CPU in b) programs the TE's 
NextBandStartTagDatoAdr, NextBandEndTagData and NextBandFirstTagLineHeight registers 
and sets the NextBandEnable bit before the end of the current band. At the end of the current 
band the TE sets DoneBand and pulses tejinishedband. As NextBandEnable is already 1, the 
TE starts processing the next band immediately. Simultaneously, te Jinishedband triggers the 
PCU to fetch commands from DRAM. The TE will have restarted by the time the PCU has 
fetched commands from DRAM. The PCU commands program the TE next band shadow reg- 
isters and sets the NextBandEnable bit. 

After the first tag on the page, all bands have their first tag start at the top i.e. NextBandFirstTagLineHeight 
= TagMaxLine. Therefore the same value of NextBandFirstTagLineHeight will normally be used for all 
bands. Certainly, NextBandFirstTagLineHeight should not need to change after the second time it is pro- 
grammed. 
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I 26.6.6 TE Top Level FSM 

The following diagram illustrates the states in the FSM. 

Reset QRnn^O 

i 



■c 



Idle 



f TagDotLine 



>2 



while producing valid tag I 



Figure 154. Tag Encoder Top-Level FSM 

At the highest level, the TE state machine steps through the output lines of a page one line at a time, with 
the starting position either in an inter-tag gap (signal dotsintag « 0) or in a tag (signals tfsvalid and tdvalid 
and lineintag = 1) (a SoPEC may be only printing part of a tag due to multiple SoPECs printing a single 
line). 

If the current position is within an inter-tag gap, an output of 0 is generated. If the current position is 
within a tag, the tag format structure is used to determine the value of the output dot, using the appropriate 
encoded data bit from the fixed or variable data buffers as necessary. The TE then advances along the line 
of dots, moving through tags and inter-tag gaps according to the tag placement parameters. 
Table 127 highlights the signals used within the FSM. 

Table 127. Signals used within TE top level FSM 



pcfk 


Sync dock used to register all data within the FSM » 


prst_n. to_reset 


Reset signals 


advtagline 


1 cycles pulse indicating to TDI and TFS sub-blocks to move onto the next line of 
Tag data 


currdotlineadr[1 3:0] 


Address counter starting 2 pcik ahead of currtagplaneadr to generate the correct 
dotpair for the current tine 


dotpos 


Counter to identify how many dotpairs wide the tag/gap is 


dotsintag 


Signal identifying whether the dotpair are in a tag(1 )/gap<0) j 


Iineintag_temp 


Identical to lineintag but generated 1 pcik earlier 


Hnepos_shacfow 


Shadow register for linepos due to tinepos being written to by 2 different proc- 
esses 


talaltsense 


Flag which alternates between tag/gap lines 


te_8tate 


FSM state variable 


teplanebuf 


6-bit shift register used to format dotpairs into a byte for the TFU 


wradvtlne 


Advance fine signal strobed when the last byte in a line is placed on te tfu wdata 
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J3 



Due to the 2 system clock delay m the TFS (both Table A and Table B outputs are registered) the TE FSM 
is worktng 2 system clock cycles AHEAD of the logic generating the write data for me TFU L a result 
the following control s,gnals had to be single/double registered on the system clock ltVAS& reSU,t 



dotsintag • 
tdvalid - 
tfsvalid ■ 
tfu_ok_write - 
lineintagjemp - 



pclk 



dotsintag 1 


tdvalid 1 


V 


tfsvalid 1 


¥ 


tfi_ok_writel 


► 


lineintagl ^ 


► 







A 



->dotsintag2 
-►tdvalid2 
->tfsvalid2 
-+-tfu_ok_write2 



Figure 155. Generated Control Signals 

The tag_dot_line state can be broken down into 3 different stages. 

S£ oJ5 e tw C 1*7?°™? !? e . ntered t0 ±C 80 Si8nal becoming active. This state controls the 
writing of dotbytes to the TFU. As long as the tag line buffer address is not equal to the dotpairsperline 

a^bu^* ? d £- te -°? ^ * aCtiVe ' a " d *« « TFS ^ TD arable or tS^Sjfa 
Sfea^r™ ^ T ^T to ^ TFU " ™ C line buff « ^dress « used mterna% but not s^ 
plied to the TFU since the TFU is a FIFO rather than the line store used in PEC1 . 

^legenerating the dotline of a tag/gap line (lineintag flag = 1) the dot position counter dotpos is decre- 
mented/reloaded (with tagmaxdotpairs or taggapdot) as the TE moves between tags/gaps. The dot££g 

2SL2?? i?T ta f^ gaP ? ( ° f ° r a gaP ' * f ° r 3 tag) - ™' Pattem Continues «■ " end of .132 
approaches {currdodmeadr = dotpairsperline). 

IZT" t°f bef ° re ^ end of *» doUine the and tagatowe signals must be prepared 

for the next dotkne be it in a tag/gap dotline or a purely gap dotline. prepared 

L2£f? / l0ad ** reg,Ster - ^ reprogram the dotsintag flag if going onto 

another tog/gap or pure gap row. Any signal with the _temp extension means this raster is updated a 
cycle early ,n order for the real register to get its correct value while switching between dot linesand tag 

riT!l T T P °* COUnterS reach zero Le when d °V° s " 0 *e of a tag/gap has been 
reached, when ftn^o, - 0 the end of a tag row is reached. This stage uses the signals UnlntTgjemp and 
tagaltsense which were generated one system clock cycle earlier in Stage 1. 



A^R. / StaeC lm | p,ements the of dotpairs to the correct part of the 6-bit shift register based on 

Z^u j!T" TtagP ^ n 3150 « for the currtagplaneadr. The cumagp/a- 

for fh;«Tf ^^B^rrtagplaneadr = idotpttirsperllne - 1). All the qualifier signals e.g db*S«g 

Sdrts nS 8 L^ n t ^ 2 n^ Cm **** 0X0165 i C " 46 (which is the internal writ! 

SS ^ " , Z ^ TFU) ^ mcremented untiI ^ dotpairs are availab , e Wftich 

system dock cycles later than when currdotlineadr is incremented. 
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The wradvline and advtagline pulses are generated using the same logic (currently separated in the PEC1 
Tag Encoder VHDL for clarity). Both of these pulses used to update further registers hence the reason they 
do not use the delayed by 2 system clock cycle qualifiers. 

26.6.7 Combinational Logic 

The TDI is responsible for providing the information data for a tag while the TFSI is responsible for decid- 
ing whether a particular dot on the tag should be printed as background pattern or tag information. Every 
dot within a tag's boundary is either an information dot or part of the background pattern. 




dots[1] 



dotsintag 

Figure 156. Logic to combine dot information and Encoded Data 

The resulting lines of dots are stored in the TFU. 

The TFSI reads one Tag Line Structure (TLS) from the DIU for every dot line of tags. Depending on the 
current printing position within the tag (indicated by the signal tagdotnum), the TFS interface outputs dot 
information for two dots and if necessary the corresponding read addresses for encoded tag data. The read 
address are supplied to the TDI which outputs the corresponding data values. 

These data values (tdi_etdO and tdi^etdl) are then combined with the dot information (tfsijta^dotO and 
tfsi_ta_dotl) to produce the dot values that will actually be printed on the page (dots), see Figure 1 56. 



lastdotintagl 



dotsintag 
t feyajfd 
t dyajjd 




currdi 

dotpairsp ertine 



Figure 157. Generation of Lastdotin tag/1 

The signal lastdotintag is generated by checking that the dots are in a tag (dotsintag = 1) and that the dot- 
position counter dotpos is equal to zero. It is also used by the TFS to load the index address register with 
zeros at the end of a tag as this is always the starting index when going from one tag to the next, lastdotin- 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



J9 Nov 2002 
Page 382 



SoPEC : Hardware Design 



St? " the TFSi (Table C) where advjfsjine pulse is used to update the Table C 

tStS^ *Z ^ ^ 5? " ^ iS beC3USe occurs > cycle earlier than SfS^J^lS 

would result m the wrong Table C value for the last dotpair. lastdotintag is also useH rS^m- ^52 
(etd_sw.tch state) to pulse the er^v^ signal hence s Etching buffer^ ff the^oTrS the ^ 

^nSil^^^ 7 iS id u CntiCal to -*«**«« <«ce P t it is combinatorial^ generated (1 cycle earlier 
than lastdotintag, except at the end of a w^). lastdotintag! signal is only used in the TO to 
***** sxgnal on the cycle when dotpos = 0. Note the IWTOnEU2Z15 = «Dto 

lastdotmtag_gen process as this is an combinatorial process. 



dotsintagi 

tfsvali^l ~ ~ 



Mvalirtl 



r 



lineintaal ^ 
te tibi nktnwritoi ^ 



Logic 




dotposvalid 



Figure 153. Generation of Dot Position Valid 

S, e «ST a ^K iSnal " °^ ted b3Sed ° n beb « » a te « (Wn/^/ = 1), dots being in a tag 

££S S£J ? 8 "IT K SmiCt ^ ( ^ W ^ ■ 1) -* living encoSiSg dS 

available (tdvahdl = 1). Note that each of the qualifier signals are delayed bv 1 oclk cvcle di» t n th^Z^T 

s:i™:t°z? c dir° TaWe c where »• «?s SiSa^^x 

SS£ IS^va^e 3 re8,StCr ^ ^ « ^ ^ TablC B Which in ^ 2 



dotsintag 
tfsvafid2 
tdvaJid2- 
currtagplaneadr 




> te_tfii_we 



>> te_tlbi_wradr 



Figure 159. Generation of write enable to the TFU 
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The signal tejtju_wdatavalid can only be active if in a taggap or if valid tag data is available (tdvalidl and 
tfsvalid2) and the currtagpplaneadr( 1 :0) equal 1 1 i.e. a byte of data has been generated by combining four 
dotpairs. 



tagmaxdotpairs 
► 




tagdotnum 


a 




► 



^dotpos 

Figure 160, Generation of Tag Dot Number 

The signal tagdotnum tells the TFS how many dotpairs remain in a tag/gap. It is calculated by subtracting 
the value in the dotpos counter from the value programmed in the tagmaxdotpairs register. 
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26.7 Tag Data Interface (TDi) 

26.7.1 I/O Specification 



Table 128. TDI Port List 



Clocks and Resets 


twm 




4* SflfiH wM£^8^r36CiH6cftifttfffiMAtfi?ify 


pcik 


I In 


| SoPEC system dock 


prst_n 


1 ln 


J Active-low. synchronous reset in pdk domain. 


DJU Read Interface Signals 




diu_data[63K)] 


In 


Data from ORAM. 


td_cfiu_rreq 


Out 


Data request to DRAM. 


td_a1u_radrt21:5J 


Out 


Read address to ORAM. 


diu_td_rack 


In 


Data acknowledge from DRAM. 


diu_td_rvalid 


In 


Data valid signal from DRAM. 


PCU Interface Data, Control Signals and 


pcu_dataout(31:0J 


In 


PCU writes this data. 


pcu_addr[8:2] 


In 


PCU accesses this address. 


pcti_rwn 


In 


Global reaoYwrite-not signal from PCU. 1 


pcu_(e_seJ 


In 


PCU selects TE for r/W access. 


pcu_te_reset 


In 


PCU reset 


td__te_doneband 

td_te_dataredun 

td_te_decode2den 

td_te_variabledatapresent 

td_te__encodefixed 

td_te_numtagsO 

td_te_numtags1 

td_te_starttagdataadr 

td_te_rawtagdataadr 

td_te_endofta gdata 

td_te_firsttagflnehe!ght 

td_te_tagdataO 

td_te_tagdata1 

td_te_tagdata2 

td_te_tagdata3 

td_(e_countx 

td_te_county 

td_te_rtdtagsense 

td_te_readsremainlng 


Out 


PCU readable registers. 


TFS (Tag Format Structure) ~ ■ 


ttsLadrOfa.O] 


In | 


Read address for dotO 


tfsLadr1[6:0] " ~~ 


In j 


Read address for dot1 


Bandstore Signals 1 


cou_startofbandstore(24:0J 


In 


Start memory area allocated for page bands 


cdu_endofbandstore[24:OJ 


In 


Last address of the memory allocated for page bands 


te_finishedband ~~ 


Out 


Tag encoder band finished 
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ORAM interface 



te_finisnedband 
<« 



etdRdAdrO ' 



ettRdAdrl i 




-> td Valid 

— lastDottnTag 

— fastDotlnTagl 



-> tagtsPrinted 



RScontrol 
dataRedun ~ 



dataRedun W N 

d ^ e2DEn:== 5L^S 



-7- 



encoded tag data Interface 
4 A 



Figure 161. TOI Architecture 



26.7.2 Introduction 



The tag data interface is responsible for obtaining the raw tag data and encoding it as required by the tag 
encoder. The smallest typical tag placement is 2mm x 2mm, which means a tag is at least 126 1600 doi 
dots wide. ' y 

In PEC1, in order to keep up with the HCU which processes 2 dots per cycle, the tag data interface has 
been designed to be capable of encoding a tag in 63 cycles. This is actually accomplished in approximately 
52 cycles within PEC1. For SoPEC the TE need only produce one dot per cycle; it should be able to pro- 
duce tags in no more than twice the time taken by the PEC1 TE. Moreover, any change in implementation 
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from two dots to one dot per cycle should not lose the 63/52 cycle performance edge attained in the PEC1 

£l?nZr/.! gUre ^u 2 -,* 6 ^ ^ inte ? ace contains a raw tag data interface FSM that fetches tag data 
from DRAM, two symbol-at-a-time GF(2 4 ) Reed-Solomon encoders, an encoded data interface and a state 

h^"dTS^ 

theoS being"^* ****** ° D TE - eneod ^ xed > TE_dataredun and TE_decode2den 

' ^tlfl COdin8 ' * here evei * 5 in P m ^e used to produce 1 5 output symbols, so the output is 

3 times the size of the input. This can be perfoimed on fixed and variable tag data. 

" ilS^f ^ W V 7 mpUt Symb ° ls m **** t0 P roduce 15 output symbols, so for the same 
number of »P* symbols, the output is not as large as the (15.5) code (for more details see section 
26.7.6 on page 400). This can be performed on fixed and variable tag data 

' anYvariS tegTa!^ * ^ t0 produce 4 out P ut bits " Thls «>" be performed on fixed 

" fixedS ST ^ ^ Shnply PaSSCd ^ ^ EnC ° ded Data InterfaCe " ™ S can be Performed on 

Each tag is made up of fixed tag data (Le. this data is the same for each tag on the page) and variable tag 
data (i.e. different for each. tag on the page). "anauie ta g 

frS*! ta8 ». da ^ ? * ifll ?. Sto f ed in DRAM ^ 120-bits when it is already coded (or no coding is required) 
is coded it is 1 20-bits long. It is then stored in the Encoded Tag Data Interface. 

2? Z!? 6 S " St ° red J in J the DRAM ™ wooded *>rm. When (15.5) coding is required, the 120- 
bite stored in DRAM are encoded into 360-bits. When (15,7) coding is required. tie 1 12-bitTstored in 

TfT^T 240_b,tS - ^ 2 ° deCOdin 8 18 re< l uired *" 120-bits stored in DRAM are con- 
verted into 240-bits. In each case the encoded bits are stored in the Encoded Tag Data Interface. 

The encoded fixed and variable tag data are eventually used to print the tag. 

i?!L fi „ X ^ ta f data " ?° nCC fr ° m DRAM at the start of a page. It is encoded as necessary and 

is then stored in one of the 8x1 5-bits registers/RAMs in the Encoded Tag Data Interface. This dataremains 
unchanged in the registers/RAMs until the next page is ready to be processed. 

The 120-bits of unencoded variable tag data for each tag is stored in four 32-bit words. The TE re-reads 

hL J^ri Sft 1 7 a P ^ CUlar teg ^ DRAM ' ever y toe " P««l«ces that tag. The variable tag 
data FIFO which reads from DRAM has enough space to store 4 tags 
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| 26.7.3 Data Flow 

An overview of the dataflow through the TDI can be seen in Figure 1 62 below. 



ENCODED TAG OATA INTERFACE 

-Encoded find data can be op to 120 bits tang 
-Ose 2 tutiera to anow tor 2 simuftarieousJy 
READs in one cycle. 

-These atoms hold the fixed tag data tor 1 tag 
-Total memory - 120x2 - 240 bits 



RAW TAG DATA INTERFACE 
8*84 



REED SOLOMON/ 
DECODE 20 




-The requested tag i 
into this 129-bit butter. 
-This buffer can be u 
up to 183times/Sne.' 
-Each tag wil be loaded 
at least 126 times. 



JT—2 -fc SOLOMON JfTll 

_4 V J ENCODER V 
I tag is READ 1 1 1 A 

I butler. ( \ kj 1 fc / \ 

i bo updated H I gQOEcM r) 



-min dovtag 128 (specified) 
•max dots/«ne « 1600x12.8 - 20480 
-max tags/fine - 20480/126 - 163 
-max variable data/tag - 120 
•max amount of tag data/Une- 120x164 
-spa* ma 120 tag data bits into 2x64-bJt9 (6 spare txts) 
-Max memory needed tor 1 line of tag data - 2x64x164 • 656x32 
«Ohride this in half to mMo# tor simultaneous READ/WRITE 
-Once a* this data is loaded It wU be vafld tor at least 126 Bnes. 
tS^i! ffffS^ST* °* to Process 2 dotsfcyde. 

_126 JJ n * a contains 20480x126 - 2580480 dots. 
-Therefore the data wU be updated at most every 1290240 cvctes. 
-Total memory - 164x2x64 - 20992-bita 
'T^J tor V^ G9 *<* addressing. Bit-9 indicates which buffer. 
-Once printing has started each half buffer has 1/2 a line in which to be loaded 
Le. tor a 1 2^ inch line It has 10240 dots or 51 20 cvctes 
tor an 6 Inch ine ■ has 6400 dots or 3200 cycles 



-Have to be able to read one tag* data 
from the Raw Tag Data interface, RS 
encode and store H In the Encoded Tag 
Oata Interface in 63 cycles or less. 











RXED DATA 








READ 


J WRrrri 




















READ 








15 
























one 
tag 




"variable "data" 




















it 


READ 










IS 


.£EAD 






1 


3 


























15 


FtEAD 




WRITE 
















13- 


gEAD 























-Encoded variable data can be up to 360 bits tong 
•Use 2 buffers to aftow tor 2 simultaneously 
READS in one cycte. 

-Use 2 buffers to aitow tor simultaneousty 
READ/WRITE 

-Total memory - 360x2x2 ■ 1280 bits 
-Mh tag width - 126 dots 

so the fastest that 1 tag can be read - 126/2 - 63 cvctes 



Figure 162. Data Flow Through the TDI 

The TD interface consists of the following main sections: 

• the Raw Tag Data Interface - fetches tag data from DRAM; 

• the tag data register; 

• 2 Reed Solomon encoders - each encodes one 4-bit symbol at a time; 

• the Encoded Tag Data Interface - supplies encoded tag data for output; 

• Two 2D decoders. 

The mak l performance specification for PEC1 is that the TE must be able to output data at a continuous 
rate of 2 dots per cycle. 
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26.7.4 Raw tag data interface 



The raw tag data interface (RTDI) provides a simple means of accessing raw tag data in DRAM The RTDI 
passes tag data into a FIFO where it can be subsequently read as required. The 64-bit output from the 
FIFO can be read directly, with the value of the wr_rd_counter being used to set/reset as the enable signal 
(rtdAvail). The FIFO is clocked out with receipt of an rtdRd signal from the TS FSM. 
Figure 163 shows a block diagram of the raw tag data interface. 



DRAM interface 



raw tag data 
interface 



— y 



raw tag data 

FIFO 
(8x64-bfte) 



dlu_data|63:0] 
wrptr 

rtd_fflb_wr_en 

rdptr. 

pdk 



rtdbufl64:0] 



,'17 



] 



rtd state 
machine 



te^finishedband 



fifo_wr_en 



rjdbufj63jj| 



{T rtdbuf data registered in Tag Data Reg) 



pcik ( 



O Q 



fifo_wr_en 
diu_td_rvafid 



/afid n J 



rtd_fifb_wr_eo 




Figure 163. Raw tag data interface block diagram 

26.7.4.1 RTD! FSM 

The RTDI state machine is responsible for keeping the raw tag FIFO full. The state machine reads the line 
of tag data once for each printline that uses the tag. This means a given line of tag data will be read at least 
126 tunes since the tag height is 126 lines for 2 mm tags. Note that the first line of tag data may be read 
rewerthan 126 times since the start of the page maybe withinatag. In addition odd and even rows of tags 
may contain different numbers of tags. 
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Section 26.6.5.1 outlines how to start the TE and restart it between bands. Users must set the NextBand- 
StartTagDataAdr, NextBandEndOJTagData, NextBandFtmTagLineHeigh, and numTags{OJ, numTagsf 
registers before starting the TE by asserting Go. "umtagsi 

To restart the tag encoder for second and subsequent bands of a page, the NextBandStartTagDataAdr, 
NextBandEndOJTagData and NextBandFirstTagLineHeigh registers need to be updated (typically" 
ZfZ 8 *}? 7? nu K T TaSSr i J be tte Same if the P revious band cont ^ ^ even number of taV rows) 
SfSSSST SeeS — 26 - 6 - 51 *ra M . description ofthe four ways of reproving" 

The RTDI State Flow diagram is shown in Figure 164. An explanation of the states follows: 
idle state:- Stay in the idle state if there is no variable data present. If there is variable data present and 
there are at least 4 spaces left in the FIFO then request a burst of 2 tags from the DRAM (1 * 256bits> 
Counter countx is assigned the number of tags in a even/odd line which depends on the value of register 
rtdtagsense. Down-counter county is assigned the number of dot lines high a tag will be (min 126) Ini- 
tially^ must be set thcfrsttaglineheight value as the TE may be between pages (i.e. a partial tag). For nor. 
mal tag generation coanry will take the value of tagmaxline register. 

Sif • The j diU -?? 5SS 1 _ State wiU « enerate a r «l ucst to the DRAM if there are at least 4 spaces in the 
™?- 3^"S is indicated by the counter wr.rd.counter which is incremented/decremented on writes/reads 

cental El i r/,?? ~ rd ~ C °Tf r i& iCSS 4 < F1FO * 8 »W ^ mu * be 4 A 
control signal called td^radrvalui is generated for the duration of the DRAM burst access. Addresses 

are sent m bursts of 1. The counter burst_count controls this signal, (will involve modification to existing 
padt^l^ 

fifojoad:- This state controls the addressing to the DRAM. Counters countx and county are used to moni- 
tor whether the TE is processing a line of dots within a row of tags. When countx is zero it means all tag 
acts for this row are complete. When county is zero it means the TE is on the last line of dots (prior to Y 
scalmgKfor this row of tags. When a row of tags is complete the sense of rtdtagsense is inverted (odd/ 
even). The rawtagdataadr is compared to the te_endoftagdata address. If ramagdataadr = endoftagdata 
die doneband signal is set. the finishedband signal is pulsed, and the FSM enters the rtd stall state until 
the doneband signal is reset to zero by the PCU by which time the rawtagdata, endoftagedata and firstta- 
gtineneignt registers are setup with new values to restart the TE. This state is used to count the 64-bit reads 
from the DIU. Each time diu_td_rvalid is high rtd_data_count is incremented by 1. The compare of 
*^ a u^~T >Unt = nd - num is necessary to find out when either all 4*64-bit data has been received or 
n o4-oit date (depending on a match of rawtagdataadr = endoftagdata in the middle of a set of 4*64-bit 
values being returned by the DIU. 

rtd_stall:- This state waits for the the doneband signal to be reset (see page 379 for a description of how 
tins occurs). Once reset the FSM returns to the idle state. This states also performs the same count on the 
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diu_data read as above in the case where diu_td_rvalid has not gone high by the time the addressing is 
complete and the end of band data has been reached i.e. rawtagdataadr = endoftagdata 



variabfedataoresent = O X 

. , SC^D 

CO g= 1 AND wr rd counter 15 




dgnefranti g= 1 



- — — - — - — (rto^stall) 

doneband « O V J 

Figure 164. RTDI State Flow Diagram 

DRAM addresses 



cd u_sta rtofband store 




cdu.endofbandstore 



Figure 165. Relationship between TE_endoftagdata f cdu„startofbandstore and 

cdu_endofbandstore 
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26.7.5 TDI state machine 

The tag data state machine has two processing phases. The first processing phase is to encode the fixed tag 
data stored in the 128-bit (2 x 64-bit) tag data register. The second is to encode tag data as it is required by 
the tag encoder. 

When the Tag Encoder is started u Pl the fixed tag data is already preloaded in the 128 bit tag data record. If 
encodeFixed is set, then the 2 codewords stored in the lower bits of the tag data record need to be encoded: 
40 bits if dataRedun = 0, and 56 bits if dataRedun - L If encodeFixed is clear, then the lower 120 bits of 
the tag data record must be passed to the encoded tag data interface without being encoded. 
When encodeFixed is set, the symbols derived from codeword 0 are written to codeword 6 and the sym- 
bols derived from codeword 1 are written to codeword 7. The data symbols are stored first and then the 
remaining redundancy symbols are stored afterwards, for a total of 15 symbols. Thus, when dataRedun = 
0, the 5 symbols derived from bits 0-19 are written to symbols 0-4, and the redundancy symbols are writ- 
ten to symbols 5-14. When dataRedun - 1, the 7 symbols derived from bits 0-27 are written to symbols 0- 
6, and the redundancy symbols are written to symbols 7-14. 

When encodeFixed is clear, the 120 bits of fixed data is copied directly to codewords 6 and 7. 
The TDI State Flow diagram is shown in Figure 166. An explanation of the states follows. 




Figure 1 66. TDi State Flow Diagram 

idle:- In the idle state wait for the tag encoder go signal - top_go = 1. The first task is to either store or 
encode m e Fixed Once the Fixed data is stored or encoded/stored the donefixed flag is set. If there is 
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no variable data the FSM returns to the idle state hence the reason to check the donefixed flag before 
advancing i.e. only store/encode the fixed data once. 

■ b , the , fixed.data state the FSM must decode whether to directly store the fixed data in the 
ETDi or if the fixed data needs to be either (15:5) (40-bits) or (15:7) (56-bits) RS encoded or 2D decoded 
stouldbT m reglStCrS enCOd ^ Xed dataredun decod e 2den determine what the next state 

bypass _to_etdi> The bypass.to.etdi takes 120-bits of fixed data(pre-encoded) from the tag_data(127 0) 
register and stores it in the 15*8 (by 2 for simultaneous reads) buffers. The data is passed from tiie 
ft u re « lstertfarou « h 3 levels of muxing(levell, level2, level3) where it enters the RS0/RS1 encoders 
(which are now ,n a straight through mode (i.e. control_S and control^? are Z ero hence the data passes 
S i ^ l ° ** ° UtPUt) ' ^ MSBS ° f lhC etd - wr - adr must high to store this data as code- 

etd_buf_switch> This state is used to set the tdvalid signal and pulse the etd_adv tag signal which in turn 

LTL tTV* ^JT? 6 ,^ ° f ±e ETDi bUffelS ■*•/&**- *i bused to £2% 

the first tune a tag ^ encoded. If zero it means read the tag data from the RTDi FIFO and encode Once 
encoded and stored the FSM returns to this state where it evaluates the sense of tdvalid. First time around 
1 « w fl" 3 S ° thl ! SetS tdvaUd rcturas to «he readtagdata state to fill the 2nd ETDi buffer. After this 
tte FSM returns to this state and waits for the lastdotintag signal to arrive. In between tags when the last- 
dotmgtag signal is received the etd_adv_tag is pulsed and the FSM goes to the readtagdata state. However 
U S™?""* 'Tl imiVCS * *" Cnd 0f a hne *» * an extra 1 cycle delay introduced in generating 
n^r°f V ~!°i P , ''f-^-toS-endofiine) due to the pipelining in the TFS. This allows all the 
previous tag to be read from the correct buffer and seamless transfer to the other buffer for the next line. 

iZZfZnT' ^ readtagdata **« 10 receive a sigriai from the raw tag data interface which 

indicates there ,s raw tag data available. The tag_data register is 128-bits so it takes 2 pulses of the rtdrd 

c |w*f 64 * rt « "J* 46 to «- rffl '° agister. If the rtrfova// signal is set rAfrrf is pulsed for 1 cycle 
and the FSM steps onto the loadtagdata state. Initially the tegfirst64bits will be zero. The 64-bits of rtd 
are assigned to the tag_data[63.0J and the fa g first64bits is set to indicate the first raw tag data read is 
ST ?£ C ; .?* ^ ^ baCk to read.tagdata state where it generates the second rrdW pulse 
The then step S onto me loadtagdata state for where the second 64-bits of rawtag data are assigned to 
tctg^aatai 128:64], °^ 

l^agdata:. The loadtagdata state writes the raw tag data into tbs.tag_data register from the RTDi FIFO 
aZT?? ? g TT* t0 Z6r0 35 ta ^- data agister now contains 120/1 12 bits of variable data. A 
decode of whether to (15:5) or (15:7) RS encode or 2D decode this data decides the next state. 

"- /5 - 5: "w Th6 rS r 15 - 5 Solomon ( 15; 5) mode) state either encodes 40-bit Fixed data or 120-bit 

T!^ 6 ^ d P?^" ^ encoded to 8 *"* address and write enable (etd wr adr and errfwe 
respecnvely). Once the fixed tag data is encoded the rfon^erf flag is set as this only needsTo be done once 
per page The variabledatapresent register is then polled to see if there is variable data in the tags. If there 
u vanable data present then this data must be read from the RTDi and loaded into the tagjata register. 
Else die tdvalid flag must be set and FSM returns to the idle state. control_5 is a control bit for the RS 
Encoder and controls feedforward and feedback muxes that enable (1 5:5) encoding. 

The J*- 15 - 5 1 s,ate generates the control signals for passing 120-bits of variable tag data to the RS 
encoder m 4-bit symbols per clock cycle. rs_counter is used both to control the levell mux and act as the 
15-cycle counter of the RS Encoder. This logic cycles for a total of 3* 15 cycles to encode the 120-bits. 

hols' fosteadof 5 _1 ^ ^ Staaar t0 ^ 5-5 StatC CXCept *" Ievel 1 - mux ha « to select 7 4-bit sym- 

Sr£-vfrifhi: 5 H^V^ 5 J 7: " J T1,e decode - 2d states provides the control signals for passing the 
120-bit variable data to the 2D decoder. The 2 Isbs are decoded to create 4 bits. The 4 bits from each 
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decoder are combined and stored in the ETDi. Next the 2 MSBs are decoded to create 4 bits. Again the 4 
bits from each decoder are combined and stored in the ETDi. 

As can be seen from Figure 161 on page 386 there are 3 stages of muxing between the Tag Data register 
and the RS encoders or 2D decoders. Levels 1-2 are controlled by level l^mux and level2_mux which are 
generated within the TDi FSM as is the write address to the ETDi buffers (etd^wrjotdr) 

Figures 167 through 172 illustrate the mappings used to store the encoded fixed and variable tag data in the 
ETDI buffers. 
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halftagBneO/1 





DRAM 




tdljfiu_aflr 


3129.. 


..10 


tif_c4u_acJr*1 


63 62.. 


..33 32 




9594.. 


.65 64 


tdJ_dhj_adr+3 


127 126.. 


. .97 96 



TE_tagdata(1 19:0) TE_tagdata(1 19:0) 



^ ~ | cucr,write_adcfeufr_read_pdr 



TE_tagdata<127:0) 



cu rr_wr< i©_adr+ 1 ftu rr.read adr>1 

U ► 



63 62. . 


-.1 0 


127 126. . 


..65 64 



63 62. . 


..10 


127 126. . 


..6564 



19 IB.. 


.. 1 0 


39 38.. 


21 2C 


59 58.. 


..41 40 


79 78.. 


..61tt 


99 98.. 


.. 81 8C 


119118. 


.101 10C 



04 d3 d 2 d 2 dp 



wradr(5;0) 



TE_tagdata(119:0) 




P9 Ps Pz Pe Ps P4 Pa P2 Pi Po d 4 d 3 d 2 d,d 0 



dO to d9 are encoded and stored 
during cycles N to N+14 



_Pt9 Pia P17 Pie Pis Pu P13 Pt2 Pn Pto dg da d? <% dg 
wradr(5:0) 



di4d <3 d 12 d n d 10 



disdt8d 17 d 1B d 1s 



^^*| RSO | ~ ► I P29 P28 P27 P26 P2S P21 P23 P22 P21 P20 d t4 d u d l2 d t1 d )0 



I P39 P38 P37 Pjq P35 P34 P33 P32 P31 P3o d| S d ltt d 17 d 16 d ls 



d10 to d19 are encoded and stored 
during cycles N+15 ta N+29 



d 24 dg3 d22 d2i d2Q 



d29 d 2Bd27d2 6 d 2 s 



codeword 3 

I I . codeword 2 ' 

-H RSO h» [P49 P48 P47 P<6 P4S P44 P43 P42 P41 P<0 O24 d23 d a <hi <hp 



ME 


P39P29 


10 


P38P2S 


1C 


P37P27 


1B 


PaePw 


1A 


P35P2S 


19 


P34 P24 


18 


P33 P23 




P32P22 


16 


P31 P21 


15 


P30P20 




d 19 d u 


13 


dja d 13 


12 


d 17 d 12 




d 16 dn 


10 


disdio 


t 



codeword 1 



wradr(5:0) 



10E 


P19P9 


OD 


Pie pfi 


oc 


P17P7 


OB 


PiePe 


OA 


P15 Ps 


09 


P14P4 


08 


P13P3 


07 


P12P2 


06 


P11 Pi 


05 


P10P0 


04 


dsd4 


03 


dfld 3 


02 


d 7 d 2 


01 


d«d, 


00 


dsdo 


-il 

10 1 



d20 to d29 are encoded and stored 
during cycles N+30 to N+44 




RS1 



|Ps9PsaPs7_Ps6 P53 PS4 P53 PS2 P51 Pso <*29 <ht °27 d26 d2s 



Figure 167. Mapping of the tag data to codewords 0-7 



i 125 


P59P49 


A 2D 


PsaP48 


/I 20 


PS7 P47 


/ / 28 


P&6 P46 


y 1 2A 


P55P45 


\/ 29 


P54 P44 


A 28 


PS3 P43 


A 27 


P52P42 


\ \ 26 


PSl P41 


\\ 25 


P50P40 


\\ 24 


d29 d24 


\\ 23 


d2ed23 


\\ 22 




U 21 


d 26 d21 


20 


d 2S °20 


codewords J T 

codeword 4 ' 
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53 



TE_tagdata(l 



<*4 <h <*2 



1 19:0 > J 1 — 

^ 1 * S £ * PS P4 S ^ P ' 



d9 d a dy dfi d 5 



Po ^4 *2 di d 0 




RS1 



P19 Pia Pi? Pre Pis Pu Pi 3 P12 Pi i Pio <*9 <*b <h <% <*s 



dO to d9 are encoded and stored 
during cycles N to N+14 




Figure 168. Coding and mapping of uncoded Fixed Tag Oata for (15,5) RS encoder 



TE_tagdata(l 19:0) 



do to d29 are stored 
during cycles N to N+14 




codeword 7- 
codeword ( 



Figure 169. Mapping of pre-coded Fixed Tag Data 
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ORAM 


tttijtiujadr 


3129.. 


- 1 0 


WLdhj_adr*l 


63 62 . . 


..33 32 


WLdtu_aO>2 


9594.. 


. . 65 64 




127 128.. 


.9796 



halftagfineO/1 



r ~] curr_writo_adr/cuiT_nead_arfr 



i j ► 







TE_tagdata(l27:0) 


27 26.. 


..10 


6362.. 


..10 




63 62 . . ..10 




55 54.. 


..29 2t 


127 126. . 


..65 64 




127 126.. ..6564 




63 62, 


.57 56 


» 


• 






111 110_ 


.. 85 84 



TE_tagdata<l 11.-0) TE_tagdata(1 1 1 :0) 



d 5 d 4 d 3 dg dn 



wradr(5:0) 



TE_tagdata(11l.-0) 



<% d 5 d4 d3 dz da dp 



j*i3 d 12 d 10 d9 d 6 dy 



dO to d13 a/e encoded and stored 
during cycles N to N+1 4 



|*S0 | H P7P6 Ps Pi P3 Pa Pi Po de «»5 04 d 3 da d, do 

P15 Pu P13 P12 Pi 1 P10 P9 Pe dis d <2 d n diod^dady 






Pi5P7 


00 


P14P6 


oc 


Pl3 Ps 


OB 


P12P4 


OA 


PuPs 


09 


P10P2 


08 


Pg Pi 


07 


Ps Po 


06 


d^dfi 


05 


«i2d 5 


04 


d 1t d* 


03 


d 10 d 3 


02 


d* da 


01 


d a d, 


00 


<*7dp 



codeword 1 • 



TE_tagdata(1ii;0) 





/ 

► 


RSO 






O20 d, g d 18 d, 7 d IG d, 5 d t4 


°Z7 das dj5 da 4 da3 d22 d 21 


RSI 







[P23P22P21 P20P19 Pie p 17 p 16 dgp d t9 d, B d 17 d 16 d, 5 d^ 



— H P3lP30P29P26P27P26P25P24d27C^d gs d 24 d 23 d 22 d 21 



d14 to d27 are encoded and stored 
during cycles N+15 to N+29 




Figure 170. Coding and mapping of Variable Tag Data for (15.7) RS encoder 
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TE_tagdata(111:0) 



je <*s d 4 d 3 d 2 dj do 



d o d i2 «n d l0 dfl d a o> 



+ RSO 



►I Pt Ps Ps P4 Pa P2 Pi Po dg d s d 4 dj da d, dp 



RSI 



Pis Pu Pt3 P12 P11 P10 Pg Ps d t3 d 12 d t , d 10 dg d fl d 7 



d0tod13aro encoded and stored 
during cycles N to N+1 4 



wradr(5:0) 





P15P7 




P14 Pe 




P*3 Ps 




Pl2 P4 




Pll Pa 




Pt 0 P2 




P9P1 




P6P0 








0*1* <% 








d, 0 d 3 




dg <fe 




d 8 d, 






codeword 7 J | 

codewords ' 



Rgure 171. Coding and mapping of uncoded Fixed Tag Data for (15,7) RS encoder 
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halftagllnaO/1 





! TE_tagdata(l27:0) 


19 18.. 


.. 1 0 


6362.. 


..10 




6362. . ..10 




39 38.. 


..21 2C 


127126.. 


..65 64 




127126.. ..6564 




59 58.. 


-41 40 


• 


i 






79 78. 


61 « 


• 


i 




99 98.. 


.. 81 8< 








119t18. 


M01 ioc 



TE_tagdata(l19:0) T£jagdata(l 19:0) 



TE_tagdata(119:0) 



wradr(5:0) 




fOE 


X X 


oo 


X X 


oc 


X X 


OB 


X X 


OA 


X X 


09 


He H 4 


08 


H 8 H 3 


07 


H 7 Hj 


06 


Ha H, 


05 


H 5 Ho 


04 




03 


Le L 2 


02 


Lr L= 


01 


Us t t 


00 


^5 Lq 



codeword 0 




wradr(S:0) 




* upper 2-brts of symbol x 
rower 2-bits of symbol x 

* after 2D decoding (4-bits long) 
< l x after 20 decoding {4-bits long) 



2D Decoding 



X s dorrt care 



h A 


HA* 


00 


0001 


01 


00 1 0 


1 0 


0100 


1 1 


1000 



X e dont care 





X X 


2D 


X X 


2C 


X x 


26 


X X 


2A 


X x 


29 




26 




27 


H 27 H22 


26 


Hje H 21 


25 


H2S H20 


24 


L 23 L24 


23 


L 28 L 23 


22 


t-27 La 


21 


L 26 


20 


L 2S L 20 




codewords 
codeword 



codeword 3 

codeword 2 • 



14 1 

Figure 172. Mapping of 2D decoded Variable Tag Data 
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26.7.6 Reed Solomon (RS) Encoder 

26.7.7 Introduction 



1^ !™? iT« C ° de iS u 3 "°? binaiy ' bl0Ck C0de - If a symbo1 consists of m bits then there «e q - 2» pos- 
stble symbols defining the code alphabet. In the TE, m =4 so the number of possible symbols is q = 16 

An (n,k) RS code is a block code with k information symbols and n code-word symbols RS codes have 
the property that the code word n is limited to at most q+1 symbols in length 

r^yl^^ 

^g£5Z£i ^ ^ COd - —-«- by the 

• TE_dataredun = 0 and TE_decode2den - 0, then use the (15.5) RS coder 

• TE_dataredun = 1 and TE_decode2den - 0, then use the (15,7) RS coder 

(15,k > , RS ^ m = 4 » k ^it information symbols applied to the coder produce 1 5 4-bit code- 

A simple block diagram can be seen in. 



3SEEEBE1 - IINIJHHHI3 



RS (n,k) encoder 
symbol size m=4 



] 2 n-1 n 



Figure 173. Simple block diagram for an m=4 Reed Solomon Encoder 

26.7.8 I/O Specification 

A I/O diagram of the RS encoder can be seen in. 



pdk 



pret_n 



ra_<teta_tn(3:0] 



enaUe 



TE_dataredun 



Reed Solomon Encoder 



fs_data^<x^3;Q 



Figure 174. RS Encoder I/O diagram 

26.7.9 Proposed implementation 

In the case of the TE, (15,5) and (15,7) codes are to be used with 4-bits per symbol. 
The primitive polynomial is p(x) = x 4 + x + 1 
In the case of the (1 5,5) code, this gives a generator polynomial of 
g(x) = (*^)(x^ 2 )(x+a 3 Xx+a 4 )(x+a^ 

g(x) « x'° + aV + a 3 x 8 + aV + a 6 x 6 + a 1 V + a 2 x 4 + ax 3 + aV + ax + a 10 
gCxj-x'Q.g^n/ + g 7 x 7 + + g 5 x 5 + g^ 4 + g 3 x 3 + g 2 x 2 + gl x + go 
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In the case of the (1 5,7) code, this gives a generator polynomial of 

h(x) = (x+aXx+a^Cx^Xx+aV+a'Xx+a^x+a'Xx+a 8 ) 

h(x) = x 8 + a l V + aV + a 4 x s + a 2 x 4 + a 1 V + a 5 x 2 + a 1 'x + a 6 

h(x) = x 8 + h 7 x 7 + hfix 6 + h 5 x s + lvx 4 + h 3 x 3 + h 2 x 2 + h,x + ho 

S^tEpufsynZt ^ ^ diV1 ' ding 8enerat ° r P ° ,ynomial **» a P°*"«*« --le up 

This division is accomplished using the circuit shown in Figure 175. 




(Rdenotas an mufttpSer that 
miAipBea Galois Hold elements 

©denotes an adder that 
adds Galois field elements 



fs_daiajn(3:0) 



Figure 175. (15,5) & (15,7) RS Encoder block diagram 

The data in the circuit are Galois Field elements so addition and multiplication are performed using special 
circuitry. These are explained in the next sections. 

The RS coder can operate either in (15,5) or (15,7) mode. The selection is made by the registers 
TE__dataredun and TE_decode2den. 

a^ysz^rT 1 ^ C ° ntr ° U is always Zen) md when °P«ating in (1 5,7) mode control J is 

Firstly consider (15,5) mode i.e. TEJtataredun is set to zero. 
For each new set of 5 input symbols, processing is as follows: 

The 4-bits of the first symbol d 0 are fed to the input port rs_data_in(3:0) and control 5 is set to 0. mux2 is 
set so as to use the output as feedback. control_5 is zero so mux4 selects the input (r7 datajn) as the out- 
put (rs data-out). Once the data has settled (« 1 cycle), the shift registers are docked. The next symbol 
dj is then applied to the input, and again after the data has settled the shift registers are clocked again This 
is repeated for the next 3 symbols d 2% d s and d+ As a result, the first 5 outputs are the same as the inputs 
After 5 cycles, the shift registers now contain the next 10 required outputs, control^ is set to 1 for the next 
10 cycles so that zeros are fed back by mux2 and the shift register values are fed to the output by mux3 
and mux4 by simply clocking the registers. 
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A timing diagram is shown below. 




' i 
Figure 176. (15,5) RS Encoder timing diagram 

Secondly consider (l 5,7) mode i.e. TE_dataredun is set to one. 

In this case processing is similar to above except that control 7 stays low while 7 symbols (d*. d d ^ 
are fed in. As well as being fed back into the circuit, these s^nbob £2Z S« Aftef'th'ese^ 
cycles. control_7 is set to I and the contents of the shift registers are fed to the ou^ut 
A timing diagram is shown below, 
i i i 



dk 

rs_data_tnJ3:0J 
rs_data_out£3:0) 

rs_oountar 

TE_dataredun 

oorrtrol 5 

control _7 




Figure 177. (15,7) RS Encoder timing diagram 

The enable signal can be used to start/reset the counter and the shift registers. 

^t^T ^ ^ eaCOding m on a risifl g ^ge. After 15 symbols have 

St ° PS ^ a nSmfi enabU «* is ***** ^ a result there will be a delay 

VCly ' *? enable ^ oes h * h the shift ^ers are reset and encoding will proceed until it is 

olut TtZ^T^ K f ^ * ^ Using *»» method > ^ « continuously 

output at a rate of 1 symbol per cycle, even over a few codewords. 

Alternatively, the RS encoder can request data as it requires. 

The performance criterion that must be met is that the following must be carried out within 63 cycles 

• load one tag's raw data into TEjtagdata 

• encode the raw tag data 

• store the encoded tag data in the Encoded Tag Data Interface 

T C Mu hC raW ** ed ^ ^ at the start of a page, there is no definite performance criterion except 
that it should be encoded and stored as fast as possible. P 
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26.7.10 Galois Field elements and their representation 

A Galois Field is a set of elements in which we can do addition, subtraction, multiplication and division 
without leaving the set. 

The TE uses RS encoding over the Galois Field GF(2 4 ). There are 2 4 elements in GF(2 4 ) and they are gen- 
erated using the primitive polynomial p(x) = x 4 + x + 1 . 

The 16 elements of GF(2 4 ) can be represented in a number of different ways. Table shows three possible 
representations - the power, polynomial and 4-tuple representation. 

Table 129. GF(2 4 ) representations 







wmmm 


0 


0 


(00 0 0) 


1 


1 


(100 0) 


a 


X 


(0 10 0) 


a 2 


X 2 


(0 0 10) 


a 3 


X 5 


(0001) 


a* 


1 +x 


(110 0) 


a» 


x+x 2 


(0 110) 


a 8 


x 2 + x 3 


(0 011) 


a 7 


1+X +x 3 


(110 1) 


a« 


1 +x 2 


(101 0) 


a 9 


X + X 3 


(0 10 1) 


a 10 


1 +X + X 2 


(1110) 


a" 


x+x 2 +x 3 


(0 111) 


a" 


1+X + X 2 + X 3 


(1111) 


a' 3 


1 +x 2 +x 3 


(10 11) j 


a' 4 


1 + x 3 


(10 0 1) 



26.7.1 1 Multiplication of GF(2 4 ) elements 

The multiplication of two field elements oc* and cc b is defined as 

ct c = ct a .a b = afr*** 00 *"* 0 15 

Thus 

a l .oc 2 = a 3 



a 5 .a I0 < 



a 6 .a 12 = a 3 

So if we have the elements in exponential form, multiplication is simply a matter of modulo 15 addition. 
If the elements are in polynomial/tuple form, the polynomials must be multiplied and reduced mod x 4 + x 

Suppose we wish to multiply the two field elements in GF(2 4 ): 
ct a = a 3 x 3 + a 2 x 2 + ajx 1 + ao 
OL b = b 3 x 3 + b 2 x 2 + b,x ! + b 0 
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where aj, bj are in the field (0 t l) (i.e. modulo 2 arithmetic) 
Multiplying these out and using x 4 + x + 1 = 0 we get: 

« a+b = f(aob3 + a L b 2 + a 2 b| + a 3 b 0 ) + a 3 b 3 ]x 3 

+ [(aob 2 + a,b, + a 2 b 0 ) + a 3 b 3 + (a 3 b 2 + a 2 b 3 )]x 2 

+ [(ao b ! + a i*>o) + ( a 3 b 2 + a 2*>3) + + a 2 b 2 + a 3 b|)]x 

+ 1(^0 + a l*>3 + a 2 b 2 + a 3 b |)l 

a a+b = [aob3 + a^ + a 2 b, + a 3 (b 0 + b 3 )]x 3 

+ [aob 2 + aibj + a 2 (b 0 + b 3 ) + a 3 (b 2 + b 3 ) ]x 2 

+ [ao b i + a,(b 0 + b 3 ) + a 2 (b 2 + b 3 ) + a 3 (b, + ]x 

+ [aob 0 + ajb 3 + a 2 b 2 + a 3 b|] 

If we wish to multiply an arbitrary field element by a fixed field element we get a more simple form. Sup- 
pose we wish to multiply a b by a 3 . 

In this case a 3 = x 3 so (aO al a2 a3) = (0 0 0 1). Substituting this into the above equation gives 

cx c ~(b 0 + b 3 )x 3 + (b 2 + b 3 )x 2 + (b, -Hb^X + bj 
This can be implemented using simple XOR gates as shown in Figure 178 

b3 t>i b, bo 









1 


i r 


— N 

1 


; 

r 




f 



C3 cz c x cq «a b * 3 

0 edustoa OR gate 

Figure 178. Circuit for multiplying by a 3 

26.7.12 Addition of GF(2 4 ) elements 

If the elements are in their polynomial/tuple form, polynomials are simply added. 
Suppose we wish to add the two field elements in GF(2 4 ): 

oc* = a 3 x 3 + a 2 x 2 + a^ + ao 

a b = b 3 x 3 + b 2 x 2 + b,x + b 0 
where aj, bj are in the field (0,1) (i.e. modulo 2 arithmetic) 

ct c - a a + a b - (a 3 + b^x 3 + (a 2 + b^x 2 + (a { + b, )x + (eq + b 0 ) 
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Again this can be implemented using simple XOR gates as shown in Figure 1 79 



C3 

© exclusive OR gate 



26.7.13 Reed Solomon Implementation 



^ **^J 



Figure 179. Adding two field elements 



^nSl^Alt^ e H° . Cre ♦?^ thC ^ e, r an, additi ° n 311(1 -nultiplication circuits and instantiate them 
where necessary. Alternatively the feedback multiplications can be combined as follows. 

Consider the multiplication 

a a .a b = a c 
or in terms of polynomials 

(a 3 x 3 + a 2 x 2 + a,x + a^x 3 + b^x 2 + b,x + b 0 ) = (c 3 x 3 + c 2 x 2 + c,x + <*) 
re^hS^ 



Table 130. g' multiplied by all field elements, expressed in terms of a" 



a 3 



a 8 



a 9 



r'2 



(O 0 O O) 



(10 00) 
(0 1 00) 



(00 10) 
(00 0 1) 



(110 0) 



(0110) 



(0 0 11) 



(110 1) 
(10 10) 



(0 10 1) 



(1110) 



(0 111) 



(1111) 



(10 11) 



(10 0 1) 



b 0 +b 3 



bi+ba 



bo+b 1+ b 3 



b 1+ b 3 



bo+bz+bg 



b 1 +b 2 -fto 3 



bo+b^+b 2 



*>0+*>3 



b^+bg 



b,+b2 



bo+bt+b 3 



bo+bj. 



b 1+ ba 



b a +b 2 4b 3 



b 1 +b 2 -^ 3 



bo+b t +b2+b3 



bo+bi+bj. 



bo+bi 



bo+b, 



the following signals are required: 
# bi,b 2 , l>3, 



bo^> 3 



br^3 



bo+bj+ba 



bo+ba 



bi4b. 



00462403 



bi^240 3 



b 0 4b 1 4b 2 4O 3 



^40,402 



b 0 +b, 



bo 
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b2_ 
bi 



bo+b 3 



b240 3 



0,4*2 



bo+b t +b3 



bo+ba 



b,+b3 



bo+b2+b 3 



b 1 +b 2 -f-b 3 



b 0 4* 1 +b2+b 3 



b 0 +b 1 4-b 2 



bo^-b, 



bo 
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• ( bo+bj), (b 0 +b2), (b 0 +b3), (bj+b^, (b,+b 3 ), (b 2 +b 3 ) f 

• (bo-H>i+b 2 ),(b 0 +b 1 +b 3 ),(b 0 +b 2 +b3) > (b 1 +b 2 +b3) f 

• (b 0 +b,^b 2 +b 3 ) 

The implementation of the circuit can be seen in Figure . The main components are XOR gates 4-bit shift 
registers and multiplexers. e 

The RS encoder ha^4 input lines labelled 0,1,2 & 3 and 4 output lines labelled 0,1,2 & 3. This labelling 

? ^ PtS ° f ^ P 01 ^ 0 ^ 4 ^ 16 presentation. The mapping of 4-bit symbols 

from the TE^tagdata register into the RS is as follows: 7 

- the LSB in the TE_tagdata is fed into lineO 

- the next most significant LSB is fed into linel 

- the next most significant LSB is fed into line2 

- the MSB is fed into line3 

JS5 ** faterfece * simiUar Two cncoded symbols ™ stored * 

- lineO is fed into the LSB (bit 0/4) 

- linel is fed into the next most significant LSB (bit 1/5) 

- iine2 is fed into the next most significant LSB (bit 2/6) 

- Iine3 is fed into the MSB (bit 3/7) 
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Figure 180. RS Encoder Implementation 
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26.7.14 2D Decoder 

The 2D decoder is selected when TE_decode2den = 1 It 
to convert 2-bits into 4-bits according to Table 131. 

Table 131- Operation of 2D decoder 



operates on variable tag data only, its function is 



mm 


NMM 


00 


000 1 


01 


00 10 


t 0 


0100 


1 1 


1000 



26.7,15 Encoded tag data interface 




advTag 



etdl 



etdO 



Figure 181. encoded tag data interface 
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The two reord units simply reorder the 9 input bits to map low-order codewords into the bit selection com- 
ponent of the address as shown in Table 132. Reordering of write addresses is not necessary since the 
addresses are already in the correct format. 

Table 132. Reord unit 



m 




mm 














um\ 


A 




A 


select 1 of 4 codeword tables 




B 


select 1 of 8 codewords 


B 


mm 


C 




D 




mn 


D 




E 


select 1 of 15 symbols 




E 




F 




select 1 of 15 symbols 








F 


G 




\m 


G 




C 






H 


select 1 of 4 bits 


H 


select 1 of 8 bits 




1 


I 





The encoded fixed data interface is a single 1 5 x 8-bit RAM with 2 read ports and 1 write port. As it is only 
written to during page setup time (it is fixed for the duration of a page) there is no need for simultaneous 
read/write access. However the fixed data store must be capable of decoding two simultaneous reads in a 
single cycle.Figure 182 shows the implementation of the fixed data store. 



rtiAdrO 



wrAdr ' 



rfAdM. 




outO 



-> OU11 



Figure 182. encoded fixed tag data interface 

The encoded variable tag data interface is a double buffered 3 x 1 5 x 8-bit RAM with 2 read ports and 1 
write port. The double buffering allows one tag's data to be read (two reads in a single cycle) while the 
next tag's variable data is being stored. Write addressing is 6 bits: 2 bits of address for selecting I of 3, and 
4 bits of address for selecting 1 of 15. Read addressing is the same with the addition of 3 more address bits 
for selecting 1 of 8. 

Figure 1 83 shows the implementation of the encoded variable tag data store. Double buffering is imple- 
mented via two sub-buffers. Each time anAdvTag pulse is received, the sense of which sub-buffer is being 
read from or written to changes. This is accomplished by a 1-bit flag called wrsbO. Although the initial 
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^TSJJSS"* itmmt inVCrt UPO " ^ ° f Thestructure of each sub-buffer 



advTag 



rdAdrO- 
■dAdrl. 
wrAdr- 



evtrfwe- 



wrsbO 
(1 bit) 



encoded varfaMe tag data Interface 



/'I 



=0- 



tag data 
sub buffer 0 



variable 
tag data 
sub buffer 1 



rdAdrO 



wrAdr 



datafn 



rtAdrl 



Figure 183. Encoded variable tag data interface 
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Figure 184. Encoded variable tag data sub-buffer 
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26.8 Tag Format Structure (TFS) Interface 



26.8.1 Introduction 

The TFS specifies the contents of every dot position within a tags border i.e.: 

• is the dot part of the background? 

• is the dot part of the data? 

The TFS is broken up into Tag Line Structures (TLS) which specify the contents of every dot position in a 
particular line of a tag. Each TLS consists of three tables - A, B and C (see Figure 185). 

For a given line of dots, all the tags on that line correspond to the same tag line structure. Consequently, for 
a given line of output dots, a single tag line structure is required, and not the entire TFS. Double buffering 
allows the next tag line structure to be fetched from the TFS in DRAM while the existing tag line structure 
is used to render the current tag line. 

The TFS interface is responsible for loading the appropriate line of the tag format structure as the tag 
encoder advances through the page. It is also responsible for producing table A and table B outputs for two 
consecutive dot positions in the current tag line. 



31 



TE_tfsstartadr I 



Tag Format Structure 1 
for tag X 



The number of dot lines. 

In a Tag - n+t 

I.e. TagHeight « rw-i 



T£_tfsendadr 



TLSX_0 



TLSX-1 



TLSX_2 



TLSX__n 



TLSX+1 0 



TLSX-M 1 



TLSX+1 2 



TLS X+1_n 



Table A 

24 x 32-brts=768-brts 
(384 entries x 2-fclts) 



Table B 

9 X 32-blts«288~bKs 
(32 ftotHo* y <W^\ 



23 
24 



fo 9'io-4- 



32 
33 



Table C 
tO-bits 

(2 entries x 5-bits) 



22-tfts reserved and unused 



Figure 185. Breakdown of the Tag Format Structure 

• There is a TLS for every dot line of a tag. 

• All tags that are on the same line have the exact same TLS. 

• A tag can be up to 384 dots wide, so each of these 384 dots must be specified in the TLS. 

• The TLS information is stored in DRAM and one TLS must be read in to the TFS Interface for each 
line of dots that are outputted to the Tag Plane Line Buffers. 

• Each TLS consists of 17 64-bits words. This is read from DRAM as 5 times 256-bit words with 192 
padded bits in the last 256-bit DRAM read. 

26.8.2 I/O Specification 

Table 133. Tag Format Structure Interface Port Ust 















PCIK 


In 


SoPEC system clock 


prst_n 


In 


Active-tow. synchronous reset in pclk domain 
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Table 133. Tag Format Structure Interface Port List 




diu_tfs_rvalid 



tfs_diu_rreq 



tfs_diu_radr(2l:SI 
tag enco der top level 
top_advtagline 



top_tagaJtsense 



topjastdotintag 



top_o*otposvaiid 



top_tagdotnufn(7^] 



ttsi_vaJid 



tfsLta_dotO[l:Qj 



tfsUa,dot1[1:Q] 



Out 



Out 



Data acknowledge from DRAM 



Data valid from DRAM 



Read request to DRAM 



Read address to DRAM 



In 



in 



In 



Out 



Out 



Out 



tag encoder top level (PCU read decode r) 
tfs_te_tfsstartadri23 :0) — 
tfs_te_tfsendadr(23^1 



Pulsed after the last tine of a row of tags 



For even tag rows = 0 I.e. 0.2,4.. 
For odd tag rows - 1 i.e. 1.3,5... 



Last dot in tag Is currency being processed 



av^lable^ P ° Sitk>n fe a tofl ** te stnjcture data and tag data is 



Counts from zero up to TE_tagmaxdotpalrs (min. =1, max. = 192) 



TLS tables A. B and C, ready for use 



Even entry from Table A corresponding to top_tagdotnum 



Odd entry from Tabie A corresponding to top_tagdotnum 



tfs_te_tfsfirstfineadr[23:0] 



tfs_te_currtfsadr[23.-0] 



TDI 



Out 



Out 



Out 



Out 



TFS tfsstartadr register 



TFS tfsendadr register 



TFS tfsfirstflneadr register 



TFS currtfaadr register 



tfsLtdLadrO(8:03 



tfeLtdLadr1[6.-0J 



Out 



Out 



Read address for do to (even dot) 



Read address for dotl (odd dot) 
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26.8.2.1 State machine 



The state machine is responsible for generating control signals for the various TFS table units, and to load 
the appropriate line from the TFS. The states are explained below. 

idle:- Wait for top_go to become active. Pulse advjfsjine for 1 cycle to reset tawradr and tbwradr regis- 
ters. Pulsing advjfsjine will switch the read/write sense of Table B so switching Table A here as well to 
keep things the same i.e. wrtaO = NOT(wrtaO). 

diu_access> In the diu_access state a request is sent to the DIU. Once an ack signal is received Table A 
write enable is asserted and the FSM moves to the tls Joad state. 

tlsjoad:- The DRAM access is a burst of 5 256-bit accesses, ultimately returned by the DIU as 
5*(4*64bit) words. There will be 192 padded bits in the last 256-bit DRAM word. The first 12 64-bit 
words reads are for Table A, words 1 2 to 1 5 and some of 1 6 are for Table B while part of read 1 6 data is for 
Table C. The counter read_num is used to identify which data goes to which table. The table B data is 
stored temporarily in a 288-bit register until the tls_update state hence tbwe does not become active until 
read_num » 16). 

• The DIU data goes directly into Table A (12* 64). 

• The DIU data for Table B is loaded into a 288-bit register. 

• The DIU data goes directly into Table C. 



tls r update> The 288-bits in Table B need to written to a 32*9 buffer. The tls_update state takes care of this 
using the readjnum counter. 

tls_nexr.~ This state checks the logic level of tfsvalid and switches the read/write senses of Table A (wrtaO) 
and Table B a cycle later (using the advjfsjine pulse). The reason for switching Table A a cycle early is 
to make sure the topjevel address via tagdotnum is pointing to the correct buffer. Keep in mind the 
top Jevel is working a cycle ahead of Table A and 2 cycles ahead of Table B. 

If tfsValid is 1, the state machine waits until the advTagLine signal is received. When it is received, the 
state machine pulses advTFSLine (to switch read/write sense in tables A, B, C), and starts reading the next 
line of the TFS from currTFSAdr. 

If tfsValid is 0, the state machine pulses advTFSLine (to switch read/write sense in tables A, B, C) and then 
jumps to the tls_tfsvalid_set state where the signal tfsValid is set to 1 (allowing the tag encoder to start, or 
to continue if it had been stalled). The state machine can then start reading the next line of the TFS from 
currTFSAdr. 

tls_tfsvalid_next:- Simply sets the tfsvalid signal and returns the FSM to the diu^access state. 



If an advTagLine signal is received before the next line of the TFS has been read in, tfsValid is cleared to 0 
and processing continues as outlined above. 
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The TFS state flow diagram is shown in below.. 

top go -= 0 



IQD gO 

( idle ) 



too nn -j 



tfsvalfd = J AMI? 
too advtegi? nft ^- 



diu^access ^ 





din tfs rack =- i 


. 1 


r 



^ t/sjoad ^ 



ifiaCLnum=_ifi 



^ tfs^update ^ 



^ tfs^next ^ 



tfs valfri ,= p 



^s_tfsvalid_,se7^ 



Figure 186. TFSI FSM State Flow Diagram 
26.8.3 Generating a tag from Tables A, B and C 

and variable). <«u oacKgrouna pattern or part of the tag's data component (both fixed 

known as , Tag Line Smicwre. °* WHS. The TFS entries (hat spocify , smgte do,. ltoe „f , ^ „ 

^^ZZ'^Lt SSSs r^' " te • ^ ■» ™ ■— «- 

■ho do. otaioo. bu, Z ZS^S£!£^ mMb «»— "» fc"»oi»fr box for O. u, i 



in 
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utput dot value is generate _______ „„„ VM%Ar (ll 

These 2-bits are interpreted according to Table , Table s^dTMe" 



* follow * — y in Table A consists of 2-bits - bitO and bitl 



Table 134. Interpretation of bltO from entry In Table A 




the output bit comes directly from bitl (see Table ), 



the output bit comes from a data bit. Bitl is used in conjunction with Tao Una" 
Structure Table B to determine which data bit will be output^ ° 



Table 135. Interpretation of bitl from entry In table A when bltO = 0 



output 0 
output 1 



Table 136. Interpretation of bjtl from entry In table A when bltO = 1 



output data bit pointed to by current index Into Table B. 



output data bit pointed to by current index Into Tabfe B, and advance index bvT 



To understand I the interpretation of bitl when bitO - 1 we need to know what is stored in Table B Table R 
ES£?£ZSSS r ' a f t da^ bits that are used in the particular line of a 

^nt l^ Z I T C3n 3p * &a in a " ne of a *■* Thc ^ss of the first data do^TS 

Each Table B entry is 9-bits long and each points to a specific variable or fixed data bit for thetae Each 
^oSadfeSe? 8, ° D CnC ° ded tae Table lists the interpretation of the " 



Table 137. Interpretation of 9-bit tag data address In Table B 



CodeWordSelect 



Select 1 of 8 codewords. 
Codewords 0. 1, 2. 3, 4, 5 are variable data. 
Codewords 6, 7 are fixed data. 
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Table 137. Interpretation of 9-blt tag data address in Table B 




Select 1 of 4 bits from the selected symbols 



wort 7. The d*a stS^^w .^ ° *"* codewort 1 «" » 

^MSSS^ ^S^^a , ° ,S Wf " n n ° encoding 













U- 1 5t 


1 0-4 


6 


20-39 


0-4 


7 


40-59 


| 6-9 


1 6 j 


60-79 


5-9 


7 


80-99 


10-14 


6 


100-119 


10-14 


7 



« « uiiponam ro note that the interpretation of bitl from Table A i*,h* n Kitn = i % • i ^ 

is used to cycle through the data address in Table B bttO - 1) is relative. A 5-bit index 

start at the first dot in Ae tag an WfiaTJue fa L ££ 1^°" * ** ™ y ° T ™ V not 

h effectively two types of rows of tags in terms of initial offsets. 

Table C provides the appropriate start index into Table B (2 5-bit indict u/h~. j„ • 

tags, entry 0 is used as the initial i n rf«r int« ToKi„ n \T C ln<ac es). When rendering even rows of 
as the initial J^Z^T^T^^ 1 W ? en rCndcrin « odd rows ofta ^ entry 1 is used 
the tag, so can use an LSat indeJof 5 " ^ * *« mOSt dots P° sition 
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26.8.4 Architecture 

A block diagram of the Tag Format_ Structure Interface can be seen in Figure 187. 

TFS Interface 



tagOctNum 
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, readAdr 
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interface 
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Interface 
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Figure 187. TFS Block Diagram 
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26.8.4. 1 Table A Interface 



The implementation of table A is two 16 x 64-bit RAMs with a small 



Figure 1 88. While one RAM is read from for the 



amount of control logic, as shown in 



8t3vTFSLIna_ 
tawg_ 



a time). 



taRdAdr 



-7* 



AdrGeo 



(fata In 



64 



Table A 
Interface 



r 4 

— m « 



adr 



3D 



b3* 



datajn 



16x64-bits 
table A (0) 



datafn 



_bcs_ 



16x64-bfts 
tahteA(l) 




ta^dotO,! cycle later 
c^.dot]_Uydebtef 

— ► 



2jblts 1&0) 



fbits3&2) 



taEven 
— ► 



taOdd 



Figure 188. Table A interface block diagram 

rS'^J^ 6 / data !° b ? printed (if each LSB " °> P«sed to the top level 2 cycles after the 

EL fJf ^ t0 th * PipeUnin8 in TFS 60111 ****** Table A and Tab5e B outouts 

hence this extra reg,stenng stage for the generation of ta_dotO_lcycklateTand ta dotl IcycTefater * 



Each rime an AdvTFSLine pulse is received, the sense of which RAM is beine read from «- - , 

change,. This is accomplished by a 1 -bit flag called „rta0. Although SuTsLTof w,*0i SSL? 
.t must invert upon receipt of an AdvTFSLine pulse. A 4-bit counter called te ^rSpstt«2 

The r«w (table A wnte enable) mput ,s set whenever the data in is to be written to table A. The taWrAdr 



advTFSLine • 



tswe . 



wrtaO 
(1 M) 



table A 
address gen 



taWrAdr 
(4 bits) 



■> wrtaO 



taWrAdr 



Figure 189. Table A address generator 
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26.8.4.2 Table C interface 

A block diagram of the table C interface is shown below in Figure 190. 

tcwe 



data In 



lastOotlnTag 



tagAftSense 



im 



advTFSLine 



dot Pos Valid 




Figure 190. Table C interface block diagram 

The address generator for table C contains a 5 bit address register adr that is set to a new address at the 
*art of processing the tag (either of the two table C initial values based on tagAUSense at tn^Sof Z 
0 for siibsequent tags on the same line). Each cycle two addresses into table B are wcm£ 
based on the two 2-bit inputs (inO and inl). As shown inSection 139, the output J^^bWM is 



Table 139. AdrOen lookup table 
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adr+1 



adr 



adr 



adr+1 



adr+1 



adr 



adr 
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i,X = don't care state. 



26.8.4.3 Table B interface 



The table B interface implementation generates two encoded tag data addresses (tfsi odrO, tfsi odrl) 
fT^c1 9 T 0 ^ a<WreSSeS { ' bRdAdr0 > ****** A block diagram of table B can be slen in 



tbR dAtifOi 



4<- 



tbRdAdrlt 



advTFSLlne i 



read num 1 



(from TFS FpM) 



data In' 



64 



ttowradr 



AdrGen 



table B 
temp reg 



*> 



I 



wrtbO 



J 



■ adrO, 



3^ 



adrl ^ 
data In. 



32x9-btts 
ta We subB (0) 



^dataln^ 



32x9-bits 
table subB (1) 



LadiO 



0 9 




t^Ladrl 



tables 
interface 



Figure 191. Table B interface block diagram 
Table B dm is inirially loaded into the 288-bit table B temporary register via the TFS FSM. Once all 288- 
balSTnlb^cir DRAM - *** is iQ W* chunks to the 32*9 register arrays 

Each timean AdvTFSLine pulse is received; the sense of which sub buffer is being read from or written to 
changes. This is accomplished by a 1-bit flag called wrtbO. Although the initial state of wrtbO is irrelevant 
it must invert upon receipt of an AdvTFSLine pulse. 

' Note:- The output addresses from Table B are registered. 
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27 Tag FIFO Unit (TFU) 

27.1 Overview 

™a I* 8 J?5? " nit , C !Z U) P T dCS * e means fe y which ^ is transferred between the Tag Encoder (TE) 
b^^d^^^ 

The TFU is a simple FIFO interface to the HCU. The Tag Encoder will provide support for arbitrarv Y 

£terL^V« I £r r ^ ^ * TC from * e TFU to ^'^ stalling of the TE during a line The TE 
interfaces to the TFU with a data width of 8 bits. The TFU interfaces to the HCU with a data wSth off bif 

The depth of the TFU FIFO is chosen as 16 bytes so that the FIFO can store a single 126 dot tag. 
27.1 .1 Interfaces between TE, TFU and HCU 



TE 



TFU 



t9_tfu_wdats 


*lid ' 


tfu_te_oktow 
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ita 


ta_tfu_WTB<fv 


in© 




1 



FIFO 



hcu_th _advdot 





_teteta . 


tfu^hci 


.avail 



HCU 



Figure 192. Interfaces between TE, TFU and HCU 

27. 1.1.1 TE-TFU Interface 

The interface from the TE to the TFU comprises the following signals- 

• tejtfit_wdata t 8-bit write data, ^ 

• tejtfu_wdatavalid, write data valid. 

• te_tfu_wradvline, accompanies the last valid 8 -bit write data in a line. 
The interface from the TFU to TE comprises the following signal- 

• 'Ju_te_oktowrite, indicating to the TE that there is space available inthe TFU FIFO 

The TE writes data to the TFU FIFO as long as the TFU's tfu^okto^rite output bit is set. The TE write 
will not occur unless data is accompanied by a data valid signal. 

27.1.1.2 TFU-HCU Interface 

The interface from the TFU to the HCU comprises the following signals- 

• tju_hcu_tdata, 1 -bit data. 

• tfujicu_avail. data valid signal indicating that there is data available in the TFU FIFO. 
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The interface from HCU to TFU comprises the following signal: 
• hcu_tfit_ready, indicating to the TFU to supply the next dot. 

27.1.1.2.1 X scaling 

Scat v?" ! CFU an l SFU ' Wbch support n o°-^ger scaling, the scaling is integeronly 

Rephcation in the X direction is performed at the output of the TFU FIFO on a dot-by-do? basis 

Se'The^dlfin^ ^ ^ bC tW ° SoPEC devices ' each ^ own portion of a dot- 

^Sff # d0 L m ' hne ™ y n0 * be repHcated *• total ^^e-factor number of times by an indirtdual 



Doc: SoP£C_hardware_design 
Version: 2.3 



S3 Proprietary Document 



*9 Nov 2002 
Page 422 



SoPEC : Hardware Design 



27.2 Definitions of I/O 



Table 140. TFU Port List 









ana neseis 


pdk 


1 


In 


SoPEC Functional clock. 


prst_n 


1 


In 


Global reset signal. 


PCU Interface data and control signals 


pcu_addr(3;2] 


2 


In 


PCU address bus. Only 2 bits are required to decode the 
address space for this block. 


pcu_dataout(3l:0] 


32 


In 


Shared write data bus from the PCU. 


. tfu_pcu_datain[31:0] 


32 


Out 


Read data bus from the TFU to the PCU. 


pcu_rwn 


1 


In 


Common read/not-wrfte signal from the PCU. 


pcu_tfu_sef 


1 


In 


Block select from the PCU. When pcu_tfu_sef\a high both 
pcu addr and pcu^dataout are valid. 


lfu_pcu_rdy 


1 


Out 


Ready signal to the PCU. When tfu_pcu_nfy Is high it Indi- 
cates the last cycle of the access. For a write cycle this 
means pcu^dataouthas been registered by the block and 
for a read cycle this means the data on tfu _pcu_datain is 
valid. 


TE Interface data and control signals 


te_tfu_wd ata(7 :0] 


8 


In 


Write data for TFU FIFO. 


te_tfu_wdatavafid 


1 


In 


Write data valid signal. 


te_tfu_wradvline 


1 


In 


Advance line signal strobed when the last byte in a fine is 
placed on te tfu^wdata 


tfu_te_oktowrite 


1 


Out 


Ready signai indicating TFU has space available in ffs FIFO 
and is ready to be written to. 


HCU Interface data and control signals 


hcu_tfu_advdot 


1 


In 


Signal indicating to the TFU that the HCU is ready to accept 
the next dot of data from TFU. j 


tfu_hcu_tdata — — 


1 


Out 


Data from the TFU FIFO. 


tfu_hcu_avail 


1 


Out 


Signal indicating valid data available from TFU FIFO. 




27,3 Configuration Registers 

Table 141. TFU Configuration Registers 




Control registers 



0x00 



Reset 



A write to this register causes a reset of 
the SFU. 

This register can be read to indicate the 
reset state: 

0 - reset in progress 

1 - reset not in progress. 
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Table 141. TFU Configuration Registers 







&# 


WJ5 








1 


see 
text 


Writing 1 to this register starts the TFU. j 
Writing 0 to this register halts the TFU, 
When Go is deasserted the state- 
machines go to their Idle states but all 
counters and configuration registers keep 
their values. 

When Go is asserted all counters are 
reset t but configuration registers keep 
their values (i.e. they don't get reset). 
The TFU must be started before the TE is 
started. 

This register can be read to determine if 

the TFU is running 

(1 = running, 0 - stopped). 


Setup register 


» (constant during processing of page) 


0x08 


XScate 


8 


1 


Tag scale factor in X direction. 


OxOC 


XFiracScale 


8 


1 


Tag scale factor in X direction lor the first 
dot in a line 


0x10 


TEByleCount 


12 


0 


The number of bytes to be accepted from 
the TE per line. Once this number of bytes 
have been received subsequent bytes are 
ignored until there is a strobe on the 
to tfu wmdvtlna 


0x14 


HCUDotCount 


15 


0 


The number of (optionally) x-sca!ed dots 
per line to be supplied to the HCU Once 
this number has been reached the remain- 
der of the current FIFO byte Is ignored. 



27-4 Detailed description 

The FIFO is a simple 16-byte store with read and write pointers, and a contents store, Figure 193. 16 bytes 
is sufficient to store a single 1 26 dot tag. y 

I a i?nl°ttf ^^Tr bytCS 1 T °f ^ thC FIFO - AU bytes are ignored until there 

is a strobe on the te_tfu_wradvline signal, whereupon bytes for the next line are stored. 

On the HCU side a total of HCUDotCount dots are produced at the output. Once this count is reached any 
more dots in the FIFO byte currently being processed are ignored For the first dot in the next line the start 
of line scale factor, XFracScale, is used 
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J3 



The behaviour of these signals and the control signals between the TFU and the TE and HCU is detailed 



FlfoWrPtr 



te_tfu_data 




V — ► tfu_hcu_tdata 



FMbRdPtr 



Figure 193. 16-byte FIFO in TFU 



// Concurrently Executed Code: 

// TE always allowed to write when there's either (a) room or (b) no room an d -11 
// bytes for that line have been received a11 

^ t£tl^ ° R < Fif ^— " -d ByteToRx »= 0» then 

else 

tfu_te_oktowrite = 0 

" T^T^oll 1™ TlLT ore is <0) ^ in " F0 and < b > the ™ «- ™ 

xf (FifoCntnts 0> AND (BitToTx 1= 0)then 

tfu_hcu_avail u 1 
else 

tfu_hcu_avail « 0 

// Output mux of FIFO data 
tfu_hcu_tdata * Fifo [Fif oRdPnt J (RdBit] 

// Sequentially Executed Code- 

i£ issssf^x r t : Fifocntnts != < By — •> 

FifoWrPnt ♦+ 
FifoContents ++ 
ByteToRx — 

if <te_tfu_wradvline == 1> then 
ByteToRx = TEByteCount 

if <hcu_tfu_advdot == 1 and FifoCntnts != 0) then { 
BitToTx ♦+ 

if (RepFrac 1) then 
RepFrac = Xscale 
if (RdBit = 7) then 

RdBit = 0 

FifoRdPnt 

FifoContents 
else 

RdBit** 

else 

RepFrac-- 
if(BitToTx == l) then { 
RepFrac = XFracScale 
RdBit = 0 
FifoRdPnt ++ 
Fif oContents-- 
BitToTx = HCUDotCount 



) 
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What is not detailed above is the fact that, since this is a circular buffer, both the fifo read and write ««■«• 
ers wrap-around to zen> after they reach two. Also not detailed is the feet ^if T^^t^TT^ 
the read and wnte-pointer in the same cycle, the fifo contents counter rSaTll^ 
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Sh 



28 Halftoner Compositor Unit (HCU) 



28,1 Overview 



The Halftoner Compositor Unit (HCU) produces dots for each nozzle in the destination printhead taking 
account of the page dimensions (including margins). The spot data and tag data are received in bi-level 
form while the pixel contone data received from the CFU must be dithered to a bi-level representation. The 
resultant 6 bi-level planes for each dot position on the page are then remapped to 6 output planes and out- 

(DNQ * 3 ^ 10 ^ DCXt ^ " Prlntil18 PipCHne ' aamdy thC **** nOZZlC com P ensator 



28.2 Data flow 



F lg ure 194 shows a simple dot data flow high level block diagram of the HCU. The HCU reads contone 
data from the CFU, bi-level spot data from the SFU, and bi-level tag data from the TFU. Dither matrices 
are read from the DRAM via the DIU. The calculated output dot (6 bits) is read by the DNC 



contone FIFO 
unit interface 



ORAM 
Interface unit 



17 



ratir 



data 





spot 




tag 




FIFO unit 




FIFO unit 




Interface 

i l 




interface 



Halftoner / Compositor Unit 



dead 
nozzte 
compensator 



Figure 194. High level block diagram showing the HCU and its external interfaces 

The HCU is given the page dimensions (including margins), and is only started once for the page. It does 
not need to be programmed in between bands or restarted for each band The HCU will stall appropriately 
if its input buffers are starved At the end of the page the HCU will continue to produce 0 for all dots as 
long as data is requested by the units further down the pipeline (this allows later units to conveniently flush 
pipelined data). 



The HCU performs a linear processing of dots calculating the 6-bit output of a dot in each cycle The map- 
ping of 6 calculated bits to 6 output bits for each dot allows for such example mappings as compositing of 
the spotO layer over the appropriate contone layer (typically black), the merging of CMY into K (if K is 
present in the printhead), the splitting of K into CMY dots if there is no K in the printhead, and the gener- 
ation of a fixative output bitstream. 
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28.3 DRAM STORAGE REQUIREMENTS 



SoPEC allows for a number of different dither matrix configurations up to 256 bytes wide. The dither 
matrix is stored in DRAM. Using either a single or double-buffer scheme a line of the dither matrix must 
be read in by the HCU over a SoPEC line time. SoPEC must produce 13824 dots per line for A4/Letter 
printing which takes 13824 cycles. 

The following give the storage and bandwidths requirements for some of the possible configurations of the 
dither matrix. 

• 4 Kbyte DRAM storage required for one 64x64 (preferred) byte dither matrix 

• 6.25 Kbyte DRAM storage required for one 80x80 byte dither matrix 

• 16 Kbyte DRAM storage required for four 64x64 byte dither matrices 

• 64 Kbyte DRAM storage required for one 256x256 byte dither matrix 

Note that regardless of the width of the dither matrix, 256 bytes are always read from DRAM for each line. 
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28.4 Implementation 

A block diagram of the HCU is given in Figure 195. 
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Figure 195. Block diagram of the HCU 
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28.4.1 Definition of I/O 



Table 142. HCU port list and description 





IBM 






chocks and reset " ,T 1 mr 


pdk 


1 


In 


System clock. 


prst_n 


1 


In 


System reset, synchronous active low. 


PCU interface 




pcu_hcu_sel 


1 


In 


Block select from the PCU When pcu_hcu_setis high both 
pcu^adrand pcu_dataout are valid. 


pcu.rwn 


1 


In 


Common read/not-write signal from the PCU. 


pcu_adrt7^J 


6 


In 


PCU address bus. Only 6 bits are required to decode the 
address space for this block. 


pcu_dataout(31:0] 


32 


In 


Shared write data bus from the PCU. [ 


hcu_pcu_rdy 


1 


Out 


Ready signal to the PCU. When hcu_pcu_rdy\s high It indicates 
the last cycle of the access. For a write cycle this means 
pcu_dataout has been registered by the block and tor a read 
cycle this means the data on hcu jxu data is valid. 


hcu_pcu_data[31 :0) 


32 


Out 


Read data bus to the PCU. 


DIU Interface 


hcu_diu_rreq 


1 


Out 


HCU read request, active high. A read request must be accom- 
panied by a vaftd read address. 


diu_hcu_rack 


1 


In 


Acknowledge from DIU, active high. Indicates that a read 
request has been accepted and the new read address can be 
placed on the address bus, hcu diu radr 


hcu__diu_radr(21:5l 


17 


Out 


HCU read address. 17 bits wide (256-bit aligned word). 


diu_r*cu_rvaiid 


1 


In 


Read data valid, active high. Indicates that valid read data Is 
now on the read data bus, diu data. 


cfiu_data|63:0] 64 


In 


Read data from DIU. 


CFU Interface 




cfu_hcu_avaM 


1 


In 


Indicates valid data present on cfu_hcu_c{3-0]data lines. 


cfu_hcu_cOdata[7:0] 


e 


In 


Pixel of data in contone plane 0. 


cfu_hcu_c 1 datapTO) 


8 


In 


Pixel of data in contone plane 1 . 


cfu_hcu_c2data[7:0] j 


8 


In 


Pixel of data in contone plane 2. 


cfu_hcu_c3data(7:0] 


6 


In 


Pixel of data in contone plane 3. 


hcu_cfu_advdot 


1 


Out 


Informs the CFU that the HCU has captured the pixel data on 
cfu_hcu_ c[3-0]da ta lines and the CFU can now place the next 
pixel on the data lines. 


SFU Interface " 


sfu_hcu_avail 


1 


In 


Indicates valid data present on sfu hcu sdata. 


sfu_hcu_sdata 


1 


(n 


BMevei dot data. 


hcti_sfu_advdol 


1 


Out 


Informs the SFU that the HCU has captured the dot data on 
sfu_hcu_sdata and the SFU can now place the next dot on the 
data line. 


TFU Interface ' 


tfu_hcu_avarl | 


1 


In 


Indicates valid data present on tfu_hcu_tdata. 


tfu_hcu__tdata j 


1 


In 


Tag dot data. 
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Table 142. HCU port list and description 









hcu_tfu_advdot 


1 


Out 


Informs the TFU that the HCU has captured the dot data on 
tfu_hcu_tdata and the TFU can now place the next dot on the 
data line. 


DNC interface 


dnc_hcu_ready 


1 


In 


Indicates that DNC is ready to accept data from the HCU. 


hcu_dnc_avail 


1 


Out ; 


Indicates valid data present on hcu_dnc_data. 


hcu_dnc_data[5:0] 


6 


Out 


Output bMeveJ dot data In 6 ink planes. 



28.4.2 Configuration Registers 

The configuration registers in the HCU are programmed via the PCU interface. Refer to section 21 .8.2 on 
page 257 for the description of the protocol and timing diagrams for reading and writing registers in the 
HCU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
HCU. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) of hcu^pcuj&ata. The configuration registers of the HCU are listed in Table 143. 



Table 143. HCU Registers 







mm 




Control registers 


0x00 


Reset 


1 


0x1 


A write to this register causes a reset of the HCU. 


0x04 


Go 


1 


0x0 


Writing 1 to this register starts the HCU. Writing 0 to 
this register halts the HCU. 
When Go Is asserted ail counters, flags etc. are 
cleared or given their Initial value, but configuration 
registers keep their values. 

When Go Is deasserted the state-machines go to their 
idle states but all counters and configuration registers 
keep their values. 

The HCU should be started a/terthe CPU, SFU. TFU, 
and DNC. 

This register can be read to determine if the HCU is 
running 

(1 = running, 0 = stopped). 


Setup registers 


(constant for during processing) 


0x10 


AvailMask 


4 


0x0 


Mask used to determine which of the dotgen units etc. 
are to be checked before a dot is generated by the 
HCU within the specified margins for the specified 
color plane. If the specified dotgen unit is stalled, then 
the HCU will also stall. 

See Table 144 for bit allocation and definition. 


0x14 


TMMask 


4 


0x0 


Same as AvailMask, but used in the top margin area 
before the appropriate target page is reached. 


0x18 


PageMarginY 


32 


0x0000_ 
0000 


The first line considered to be off the page. 


0x1 C 


Max Dot 


16 


0x0000 


This is the maximum dot number - 1 present across a 
page. For example if a page contains 13824 dots, 
then MaxDot will be 13823. 
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Table 143. HCU Registers 

















0x20 


TopMargin 


32 


0x0000_ 
0000 


The first line on a page to be considered within the 
taroet oaoe for contort and soot data (d — r firci 

*-* \j y ^ % r u o u i iwi ra aim o^/\J I Uu it*. \\J a Tirol 

printed line of page) 


0x24 


BottomMargin 


32 


0x0000_ 
0000 


The first lino in ttw* tarnpt hnttnnn mamln fr* r rv\n+Ann 
» < iw <ii ok uif<j in ukj loiyoi uuuuui iiieuum lor COnTOnG 

and spot data (i.e. first line after target page). 


0x28 


LeftMargin 


16 


0x0000 


Thf» firQt rlnt rm a lino uiifHIn tt-na ♦ orv-m* n _ 

i iic hi 91 wi mi a une wiuiin uie larger page lor con- 
tone and spot data. 


0x2C 


RightMargin 


16 


OxFFFF 


The first dot on a line within the target right margin for 
con tone and spot data. 


0x30 


TagTopMargin 


32 


0x0000 
0000 


The first line on a page to be considered within the 
target page for tag data. (0 = first printed line of page) 


0x34 


Tag BottomMargin 


32 


0x0000_ 
0000 


The first fine in the target bottom margin for tag data 
(i.e. first One after target page). 


0x38 


TagLeftMargin 


16 


0x0000 


The first dot on a line within the target page for tag 
data. 


0x3C 


TagRightMargJn 


16 


OxFFFF 


The first dot on a line within the target right margin for 
tag data. 


0x40 


DMReadEnabte 


1 


0x0 


1 if a dither matrix Is specified 
0 if a dither matrix is not specified. 


0x44 


StartDMAdr 


17 


0x0_ 
0000 


Pninfc tfk tho firet OQft Jilt uistrH e\4 tfi a fi-o-t \Iw%a rs.t ft..* I 

runn^ vj uio nisi ^oo-oii wora ot uie iirsr line or uie 
dither matrix In DRAM. 


0x46 


EndDMAdr 


17 


0x0_ 
0000 


Points to the last 256- bit word of the last line of the 
dither matrix in DRAM. 


UX4V 


Unelncrement 


5 


0x2 


The number of 256-bit words in ORAM from the start 
of one line of the dither matrix and the start of the next 
line. i.e. the value by which the DRAM address is 

uiorciiKsnieu m uru a mil ot a line SO mat it points to ulS 

start of the next line of the dither matrix. 


0x50 


DMInitlndexCO 


8 


OxOO 


Initial index within 256-byte dither matrix line buffer for 
wnmne ptane u. it using oouDte-Duner sen e me, only 
the 7 Isbs are used. 


0x54 


DMLwrindexCO 


8 


OxOO 


Lower index within 256-byte dither matrix line buffer 
for contone plane 0. If using double-buffer scheme, 
onfy the 7 Isbs are used. 


0x58 


OMUprindexCO 


8 


0x3F 


Upper index within 256-byte dither matrix line buffer 
for contone plane 0. After reading the data at this 
location the index wraps to DMLwrindexCO. If using 
double-buffer scheme, only the 7 Isbs are used. 


0x5C 


DMfnitlndexCI 


8 


0x00 


Initial index within 256-byte dither matrix line buffer for 
contone plane 1. If using double-buffer scheme, only 
the 7 Isbs are used. 


0x60 


DMLwrlndexCI 


8 


0x00 


Lower index within 256-byte dither matrix line buffer 
for contone plane 1 . If using double-buffer scheme, 
only the 7 Isbs are used. 


0x64 


DMUprindexCI 


6 


0x3F 


Upper index within 256-byte dither matrix line buffer 
for contone plane 1 . After reading the data at this 
location the index wraps to DMLwrfndexCI. If using 
douWe-buffer scheme, onfy the 7 Isbs are used. 
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Table 143. HCU Registers 





[ft s^r^r^A i 


Ri 






0x68 


DMInitlndexC2 


8 


0x00 


Initial index within 256-byte dither matrix line buffer tor 
contone plane 2. If using double-buffer scheme, only 
the 7 Isbs are used. 


0x6C 


DMLwflndexC2 


8 


0x00 


Lower Index within 256-byte dither matrix line buffer 
for contone plane 2. if using double-buffer scheme, 
only the 7 Isbs are used. 


0x70 


DMUprlndexC2 


8 


0x3F 


Upper index within 256-byte dither matrix line buffer 
for contone plane 2. After reading the data at this 
location the index wraps to DMLwtindexC2. If using 
double-buffer scheme, only the 7 Isbs are used. 


0x74 


DM!nJtlndexC3 


8 


0x00 


Initial index within 256-byte dither matrix line buffer for 
contone plane 3. If using double-buffer scheme, only 
the 7 Isbs are used. 


0x78 . 


DMLwrlndexC3 


8 


0x00 


Lower index within 256-byte dither matrix line buffer 
for contone plane 3. If using double-buffer scheme, 
only the 7 Isbs are used. 


0x7C 


DMUprindexC3 


8 


0x3F 


Upper index within 256-byte dither matrix line buffer 
for contone plane 3. After reading the data at this 
location the index wraps to DMLwr1ndoxC3. If using 
double-buffer scheme, only the 7 Isbs are used. 


0x80 


DoubleLineBuf 


1 


0x1 | 


Selects the dither line buffer mode to be single or dou- 
ble buffer. 


0x84 to 0x98 


lOMappingLo 


6x32 


0x0000_ 
0000 


The dot reorg mapping for output inks 0 to 5. For each 
ink's 64-bit lOMapping value, lOMappingLo repre- 
sents the low order 32 bits. 


0x9C toOxBO 


lOMappingHi 


6x32 


0x0000. 
0000 


The dot reorg mapping for output inks O to 5. For each 
ink's 64-bit lOMapping value, lOMappingHi represents 
the high order 32 bits. 


0xB4 toOxCO 


cpConstant 


4x8 


0x00 


The constant contone value to output for contone 
plane N when printing in the margin areas of the page. 
This value will typically be 0. 


0xC4 


sConstant 


1 


0x0 


The constant bNevel value to output for spot when 
printing in the margin areas of the page. This value 
•will typically be 0. 


0xC8 | 


tConstant 


1 


0x0 


The constant bNevel value to output for tag data when 
printing In the margin areas of the page. This value 
wQJ typically be 0. 


OxCC 


OitherConstanl 


8 


OxFF 


The constant value to use for dither matrix when the 
dither matrix is not available, i.e. when the signal 
dm_avaU is 0. This value wiQ typically be OxFF so that 
cpConstant can easily be 0x00 or OxFF without requir- 
ing a dither matrix (DitherConstant is primarily used 
for threshold dithering in the margin areas). 


Debug registers (read only) 
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Table 143. HCU Registers 







P38 


m 


Ifeai law of yfe.j^^^a-^-irA^^ 


OxOO 


Hcu Ports Debug 


14 


N/A 


Bit 13 = tfujhcu_avail 
Bit 1 2 o hcu^tfiTadvdot 
Bit 11= sfu_hcu_avail 
Bit 10 = hcu_sfu__advdot 
Bit 9 = cfu_hcu_avati 
Bit 8 = hcu_cfu_advdot 
Bit 7 = dncjhcujready 
Bit 6 = hcu_dnc_avail 
Bits 5-0 = hcu_dnc_data 


UXU4 


HcuDotgenDebug 


15 


N/A 


Six 14 = after_top_ma/gin 
Bit 13 = in_tagjarget_page 
Bit 12 = tn_target_page 
Bit 11 = fc_awa// 
Bit 1 0 = s_avaii 
Bit 9 = cp_avail 
Bit 6 = dm_avalt 
Bit 7 = atfwctof 

Bits 5-0 = (tes,cp3.cp£qpf,cp03 

(i.e. 6 bit input to dot reorg units) 


OxOd 


HcuDitherOebugl 


17 


N/A 


Bit 9 = advdot 

Bit 6 a dm_avall 

Bit 15-8 = cp ijdHther_val 

Bits 7-0 = cpO_dither_vai 


OxDC 


HcuOitherOebug2 


17 


N/A 


Bit 9 = aoVttof 

Bit 8 a dm_ava.il 

Bit 15-8 = cp3jdM\er_val 

Bits 7-0 = cp2_dither_vaJi 



28.4.3 Control unit 

The control unit is responsible for controlling the overall flow of the HCU. It is responsible for determin- 
ing whether or not a dot will be generated in a given cycle, and what dot will actually be generated - 
including whether or not the dot is in a margin area, and what dither cell values should be used at the spe- 
| cirlc dot location. A block diagram of the control unit is shown in Figure 196. 

The inputs to the control unit are a number of avail flags specifying whether or not a given dotgen unit is 
capable of supplying 'real' data in this cycle. The term 4 reaT refers to data generated from external 
sources, such as contone line buffers, bi-level line buffers, and tag plane buffers. Each dotgen unit informs 
the control unit whether or not a dot can be generated this cycle from real data. It must also check that the 
DNC is ready to receive data. 

The contone/spot margin unit is responsible for determining whether the current dot coordinate is within 
the target contone/spot margins, and the tag margin unit is responsible for determining whether the current 
dot coordinate is within the target tag margins. 

The dither matrix table interface provides the interface to DRAM for the generation of dither cell values 
that are used in the halftoning process in the contone dotgen unit 
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> hcu_diu_rreq 
diu_hcu_rack 
/ ► hcu_diu_radr 
diu_hcu_rvalid 
diu_data 



Figure 196. Block diagram of the control unit 



28.4.3.1 Determine AdvDot 



The HCU does not always require contone planes, bi-level or tag planes in order to produce a page. For 
example, a given page may not have a bi-level layer, or a tag layer. In addition, the contone and bi-level 
parts of a page are only required within the contone and bi-level page margins, and the tag part of a page is 
only required within the tag page margins. Thus output dots can be generated without contone, bi-level or 
tag data before the respective top margins of a page has been reached, and Os are generated for all color 
planes after the end of the page has been reached (to allow later stages of the printing pipeline to flush). 

Consequently the HCU has an AvailMask register that determines which of the various input avail flags 
should be taken notice of during the production of a page from the first line of the target page, and a 
TMMask register that has the same behaviour, but is used in the lines before the target page has been 
reached (i.e. inside the target top margin area). Each bit in the AvailMask refers to a particular avail bit: if 
the bit in the AvailMask register is set, then the corresponding avail bit must be i for the HCU to advance 
a dot. The bit to avail correspondence is shown in Table 144. Care should be taken with TMMask - if the 
particular data is not available after the top margin has been reached, then the HCU will stall. Note that the 
avail bits for contone and spot colors are ANDed with injtarget _page after the target page area has been 
reached to allow dot production in the contone/spot margin areas without needing any data in the CFU and 
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SFU. The avail bit for tag color is ANDcd with injtag_target_page after the target tag page area has been 
reached to allow dot production in the tag margin areas without needing any data in the TFU. 



Table 144. Correspondence between bit in AvaNMask and avail flag 









0 


dm_avall 


dither matrix data available 


1 


cp_avaN 


contone pixels available 


2 


s_avail 


spot color available 


i 3 


tp_avail 


tag plane available 



Each of the input avail bits is processed with its appropriate mask bit and the after _top_margin flag. The 
output bits are ANDed together along with Go and ok_to_write (which specifies whether the output buffer 
is ready to receive a dot in this cycle) to form the output bit advdot. We also generate wr_advdot. In this 
way, if the output buffer is full or any of the specified avail flags is clear, the HCU will stall. When the end 
of the page is reached, in-page will be deasserted and the HCU will continue to produce 0 for all dots as 
| long as the DNC requests data. A block diagram of the determine advdot unit is shown in Figure 197. 

The okjto_read signal from the output buffer indicates that the HCU has a dot available for the DNC to 
read (indicated to the DNC by the assertion of hcujdnc_avail). If the DNC is ready to receive the dot 
(dncjicu_ready is 1) then the dot is read from the output buffer by asserting rd_advdot. 
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In_target_page 
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s_avalJ 

tm_mask|2] 
avail_mask(2J 
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tm_mask(3J 
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Go 

ok_to_read 



dnc_hcu_jaady 




advdot 



wr_advdot 



hcu_dnc_avaJJ 
*> rd.advdot 



28.4.3.2 Position unit 



Figure 197. Block diagram of determine advdot unit 



The position unit is responsible for outputting the position of the current dot (curr _pos, currjirxe) and 
whether or not this dot is the last dot of a line {advline). Both curr ^pos and currjtine are set to 0 at reset or 
when Go transitions from 0 to 1 . The position unit relies on the advdot input signal to advance through the 
dots on a page. Whenever an advdot pulse is received, curr _pos gets incremented. If curr _j?os equals 
max_dot then an advline pulse is generated as this is the last dot in a line, currjine gets incremented, and 
the curr _pos is reset to 0 to start counting the dots for the next line. 



28.4.3.3 Margin unit 



The responsibility of the margin unit is to determine whether the specific dot coordinate is within the page 
at all, within the target page or in a margin area (see Figure 198). This unit is instantiated for both the con- 
tone/spot margin unit and the tag margin unit. 
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target page 

printable page area 
(physical page) 



target bottom margin 
Figure 198. Page structure 



The margin unit takes the current dot and line position, and returns three flags. 

• the first, in-page is 1 if the current dot is within the page, and 0 if it is outside the page. 

• the second flag, in_target_page t is 1 if the dot coordinate is within the target page area of the page, and 
0 if it is within the target top/left/bottom/right margins. 

• the third flag, after_top_margin, is 1 if the current dot is below the target top margin, and 0 if it is 
within me target top margin. 

A block diagram of the margin unit is shown in Figure 199. 



top_margln 



bottom_margin- 
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margin 
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currjine 



32 



curr_pos 
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fn_page ln_target__page aftor_top_margin 
Figure 199. Block diagram of margin unit 
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28.4.3.4 Dither matrix tabte interface 

The dither matrix table interface provides the interface to DRAM for the generation of dither cell values 
that are used in the halftoning process in the contone dotgen unit The control flag dm_reod_enoble 
enables the reading of the dither matrix table line structure from DRAM. If dm_read_enable is 0, the 
dither matrix is not specified in DRAM and no DRAM accesses are attempted The dither matrix table 
interface has an output flag dm_avail which specifies if the current line of the specified matrix is available. 
The HCU can be directed to stall when dmjavail is 0 by setting the appropriate bit in the HClTs Avail- 
Mask or TMMask registers. When dmjxvail is 0 the value in the DitherConstant register is used as the 
dither cell values that are output to the contone dotgen unit. 

The dither matrix table interface consists of a state machine that interfaces to the DRAM interface, a dither 
matrix buffer that provides dither matrix values, and a unit to generate the addresses for reading the buffer. 
Figure 200 shows a block diagram of the dither matrix table interface. 
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T 
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■ start_dm_adr 
end_dm_adr 
Bnejncreroertt 



• dm_read_enabte 



■ dtther_constant 



cpO_dither_val cp1_<Uthef_val cp2_<Hther_vat cp3_cfither_val 



Figure 200. Block diagram of dither matrix table interface 

28.4.3.4.1 Dither matrix buffer 

The state machine loads dither matrix table data a line at a time from DRAM and stores it in a buffer. A 
single line of the dither matrix is either 256 or 128 8-bit entries, depending on the programmable bit Dou- 
bleLineBuf. If this bit is enabled, a double-buffer mechanism is employed such that while one buffer is 
read from for the current line's dither matrix data (8 bits representing a single dither matrix entry), the 
other buffer is being written to with the next line's dither matrix data (64-bits at a time). Alternatively, the 
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single buffer scheme can be used, where the data must be loaded at the end of the line, thus incurring a 
delay. 

The single/double buffer is implemented using a 256 byte 3-port register array, two reads, one write port, 
with the reads clocked at double the system clock rate (320MHz) allowing 4 reads per clock cycle. 

The dither matrix buffer unit also provides the mechanism for keeping track of the current read and write 
buffers, and providing the mechanism such that a buffer cannot be read from until it has been written to. In 
this case, each buffer is a line of the dither matrix, i.e. 256 or 128 bytes. 

A bit is kept for the status of each dither matrix line buffer: bujffi_avaii[0] and bujffi.availfJJ. It also keeps a 
single bit (rdjbuff) for the current buffer that reads are to occur from, and a single bit (wrjbuff) for the cur- 
rent buffer that writes are to occur to. The output value dm_avail equals buff_avail[rdjbuff]. The output 
value ok_to_write equals buff__avail [wrjbuff]. Note that when using a single line buffer, buff_avail[l] is 
not used 

The read addresses are byte aligned. A single dither matrix entry is represented by 8 bits and an entry is 
read for each of the four contone planes in parallel. When a advline pulse is received, buff_avail[rdjmff] 
is cleared, and rdjbuff is inverted (if using a double line buffer). 

Data is written, 64 bits at a time to the current write buffer when diu_hcu_rvalid is asserted. When WrAdr 
is Ox IF and diu_hcu_rvalid is 1, buff_avail [wrjbuff] is set, and wrjbuff is inverted (if using a double line 
buffer). This indicates that a line of dither matrix has been written to the current write buffer and it is now 
available to be read. 

28.4.3.4.2 Read address generator 

For each contone plane there is a initial, lower and upper index to be used when reading dither cell values 
from the dither matrix double buffer. The read address for each plane is used to select a byte from the cur- 
rent 256-byte read buffer. When Go gets set (0 to 1 transition), or at the end of a line, the read addresses 
are set to their corresponding initial index. Otherwise, the read address generator relies on advdot to 
advance the addresses within the inclusive range specified the lower and upper indices, represented by the 
following pseudocode: 

if (advdot »■ 1) then 

if (advline *== 1) then 

rd_adr » dra_init_index 
els if (rd_adr ~~ dn\_upr_index) then 

rd_adr = dm_lwr_index 
else 

rd_adr 

else 

rd_adr = rd_adr 

28.4.3.4.3 State machine 

The dither matrix is read from DRAM in single 256-bit accesses, receiving the data from the DIU over 4 
clock cycles (64-bits per cycle).The protocol and timing for read accesses to DRAM is described in sec- 
tion 20.9.1 on page 208. Read accesses to DRAM are implemented by means of the state machine 
described in Figure 201. 

All counters and flags should be cleared after reset or when Go transitions from 0 to 1 . While the Go bit is 
1 , the state machine relies on the dm_read_enab le bit to tell it whether to attempt to read dither matrix data 
from DRAM. When dm_read_enable is clear, the state machine does nothing and remains in the idle state. 
When dm_read_enable is set, the state machine continues to load dither matrix data, 256-bits at a time 
(received over 4 clock cycles, 64 bits per cycle), while there is space available in the dither matrix buffer. 
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The read address and line_start_adr are initially set to start Jtm_adn The read address gets incremented 
after each read access. It takes 4 or 8 read accesses to load a line of dither matrix into the dither matrix 
buffer, depending on whether we're using a single or double buffer. A count is kept of the accesses to 
DRAM. When a read access completes and access jcount equals 3 or 7, a line of dither matrix has just 
been loaded from and the read address is updated io line jstart_adr plus linejncrement so it points to the 
start of the next line of dither matrix. Qine_start_adr is also updated to this value). If the read address 
equals end_dm_adr then the next read address will be start_dm_adr, thus the read address wraps to point 
to the start of the area in DRAM where the dither matrix is stored. 

The write address for the dither matrix buffer is implemented by means of a modulo-32 counter that is ini- 
tially set to 0 and incremented when diuj%cu_rvalid is asserted. 
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Figure 201. State machine to read dither matrix table 
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28.4.4 Contone dotgen unit 



The contone dotgen unit is responsible for producing a dot in up to 4 color planes per cycle. The contone 
dotgen unit also produces a cpjavail flag which specifies whether or not contone pixels are currently avail- 
able, and the output hcu_cju_advdot to request the CFU to provide the next contone pixel in up to 4 color 
planes. 

The block diagram for the contone dotgen unit is shown in Figure 202. 
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Figure 202. Contone dotgen unit 

A dither unit provides the functionality for dithering a single contone plane. The contone image is only 
defined within the contone/spot margin area. As a result, if the input flag injtarget __page is 0, then a con- 
stant contone pixel value is used for the pixel instead of the contone plane. 

The resultant contone pixel is then halftonecL The dither value to be used in the halftoning process is pro- 
vided by the control data unit The halftoning process involves a comparison between a pixel value and its 
corresponding dither value. If the 8-bit contone value is greater than or equal to the 8-bit dither matrix 
value a 1 is output. If not, then a 0 is output. This means each entry in the dither matrix is in the range 1- 
255 (0 is not used). 
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28.4.5 Spot dotgen unit 

The spot dotgen unit is responsible for producing a dot of bi-level data per cycle. It deals with bi-level data 
(and therefore does not need to halftone) that comes from the LBD via the SFU. Like the contone layer, 
the bi-level spot layer is only defined within the contone/spot margin area. As a result, if input flag 
injtarget_page is 0, then a constant dot value (typically this would be 0) is used for the output dot. 

The spot dotgen unit also produces a s_avail flag which specifies whether or not spot dots are currently 
available for this spot plane, and the output hcu^Ju^advdot to request the SFU to provide the next bi-level 
data value. The spot dotgen unit can be represented by the following pseudocode: 

e_avail * sfu_hcu_avail 

if ( in_target_page == 1 AND advdot == 1) then 

hcu_sfu_advdot = 1 
else 

hcu_sfu_advdot = 0 

if < in_target_page «== 1) then 

sp = sfu_hcu_sdata 
else 

sp a sp_constant 

28.4.6 Tag dotgen unit 

This unit is very similar to the spot dotgen unit (see Section 28.4.5) in that it deals with bi-level data, in 
this case from the TE via the TFU. The tag layer is only defined within the tag margin area. As a result, if 
input flag \njtag_target_page is 0, then a constant dot value, tpjconstant (typically this would be 0), is 
used for the output dot The tagplane dotgen unit also produces a tp_avail flag which specifies whether or 
not tag dots are currently available for the tagplane, and the output hcujtfu_advdot to request the TFU to 
provide the next bi-level data value. 

28.4.7 Dot reorg unit 

The dot reorg unit provides a means of mapping the bi-level dithered data, the spotO color, and the tag data 
to output inks in the actual printhead Each dot reorg unit takes a set of 6 1-bit inputs and produces a single 
bit output that represents the output dot for that color plane. 

The output bit is a logical combination of any or all of the input bits. This allows the spot color to be 
placed in any output color plane (including infrared for testing purposes), black to be merged into cyan, 
magenta and yellow (in the case of no black ink in the Memjet printhead), and tag dot data to be placed in 
a visible plane. An output for fixative can readily be generated by simply combining desired input bits. 

The dot reorg unit contains a 64-bit lookup to allow complete freedom with regards to mapping. Since all 
possible combinations of input bits are accounted for in the 64 bit lookup, a given dot reorg unit can take 
the mapping of other reorg units into account. For example, a black plane reorg unit may produce a 1 only 
if the contone plane 3 or spot color inputs are set (this effectively composites black bi-level over the con- 
tone). A fixative reorg unit may generate a 1 if any 2 of the output color planes is set (taking into account 
the mappings produced by the other reorg units). 

If dead nozzle replacement is to be used (see section 29.4.2 on page 448), the dot reorg can be pro- 
grammed to direct the dots of the specified color into the main plane, and 0 into the other. If a nozzle is 
then marked as dead in the DNC, swapping the bits between the planes will result in 0 in the dead nozzle, 
and the required data in the other plane. 

If dead nozzle replacement is to be used, and there are no tags, the TE can be programmed with the posi- 
tion of dead nozzles and the resultant pattern used to direct dots into the specified nozzle row. If only fixed 
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background TFS is to be used, a limited number of nozzles can be replaced. If variable tag data is to be 
used to specify dead nozzles, then large numbers of dead nozzles can be readily compensated for. 

The dot reorg unit can be used to average out the nozzle usage when two rows of nozzles share the same 
ink and tag encoding is not being used The TE can be programmed to produce a regular pattern (e.g. 0101 
on one line, and 1010 on the next) and this pattern can be used as a directive as to direct dots into the spec- 
ified nozzle row. 

Each reorg unit contains a 64-bit lOMapping value programmable as two 32-bit HCU registers, and a set 
of selection logic based on the 6-bit dot input (2 6 = 64 bits), as shown in Figure 203. 

input dot 




Figure 203. Block diagram of dot reorg unit 

The mapping of input bits to each of the 6 selection bits is as denned in Table 145. 
Table 145. Mapping of input bits to 6 selection bits 
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bMevel dot from contone layer 0 


cyan 
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bt-tevel dot from contone layer 1 


magenta 
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bMevel dot from contone layer 2 


yellow 
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bHevel dot from contone layer 3 


black 
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bWevef spotO dot 


black 


5 ; 


bHevel tag dot 


infra-red 
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29 Dead Nozzle Compensator (DNC) 

29.1 Overview 

The Dead Nozzle Compensator (DNC) is responsible for adjusting Memjet dot data to take account of 
non-functioning nozzles in the Memjet printhead. Input dot data is supplied from the HCU, and the cor- 
rected dot data is passed out to the DWU. The high level data path is shown by the block diagram in Figure 
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Figure 204. High level block diagram of DNC 



The DNC compensates for a dead nozzles by performing the following operations: 

• Dead nozzle removal, i.e. turn the nozzle off 

• Ink replacement by direct substitution i.e. K -> K 

• Ink replacement by indirect substitution i.e. K -> CMY 

• Error diffusion to adjacent nozzles 

• Fixative corrections 

The DNC is required to efficiently support up to 5% dead nozzles, under the expected DRAM bandwidth 
allocation, with no restriction on where dead nozzles are located and handle any fixative correction due to 
nozzle compensations. Performance must degrade gracefully after 5% dead nozzles. 

29.2 Dead nozzle identification 

Dead nozzles are identified by means of a position value and a mask value. Position information is repre- 
sented by a 10-bit delta encoded format, where the 10-bit value defines the number of dots between dead 
nozzle columns 1 . With the delta information it also reads the 6-bit dead nozzle mask (dn_mask) for the 
defined dead nozzle position. Each bit in the dn_mask corresponds to an ink plane. A set bit indicates that 
the nozzle for the corresponding ink plane is dead. The dead nozzle table format is shown in Figure 205. 
The DNC reads dead nozzle information from DRAM in single 256-bit accesses. A 10-bit delta encoding 
scheme is chosen so that each table entry is 16 bits wide, and 16 entries fit exactly in each 256-bit read. 
Using 10-bit delta encoding means that the maximum distance between dead nozzle columns is 1023 dots. 
It is possible that dead nozzles may be spaced further than 1 023 dots from each other, so a null dead nozzle 
identifier is required. A null dead nozzle identifier is defined as a 6-bit dn_mask of all zeros. These null 
dead nozzle identifiers should also be used so that: 

• the dead nozzle table is a multiple of 1 6 entries (so that it is aligned to the 256-bit DRAM locations) 



1 . for a 1 0-bit delta value ofd, if the current column n is a dead nozzle column then the next dead nozzle column is given by n + (d + 1). 
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• the dead nozzle table spans the complete length of the line, i.e. the first entry dead nozzle table should 
have a delta from the first nozzle column in a line and the last entry in the dead nozzle table should cor- 
respond to the last nozzle column in a line. 

Note that the DNC deals with the width of a page. This may or may not be the same as the width of the 
printhead (the PHI may introduce some margining to the page so that its dot output matches the width of 
the printhead). Care must be taken when programming the dead nozzle table so that dead nozzle positions 
are correctly specified with respect to the page and printhead. 



16 bits wide 



N dead nozzle 
columns 




Table Entry Structure 



10-Wt Delta Encode 



6-bJiOnMask 



bits 15-6 



bitsS-O 



Figure 205. Dead nozzle table format 



29.3 DRAM STORAGE AND BANDWIDTH REQUIREMENT 

The memory required is largely a factor of the number of dead nozzles present in the printhead (which in 
turn is a factor of the printhead size). The DNC is required to read a 1 6-bit entry from the dead nozzle table 
for every dead nozzle. Table 146 shows the DRAM storage and average 1 bandwidth requirements for the 
DNC for different percentages of dead nozzles and different page sizes. 



Table 146. Dead Nozzle storage and average bandwidth requirements 








Memory 
(KBytes) 


Bandwidth 
(bits/cycle) 




5% 


1.4 C 






10% 


2.7 


1.6 




15% 


4.1 


2.4 


A3 b 


5% 


1.9 


0.6 




10% 


3.8 


1.6 




15% 


5.7 


2.4 



a. Bi-lithic printhead has 13824 nozzles per color providing full bleed printing for A4/Letter 

b. Bi-lithic printhead has 19488 nozzles per color providing full bleed printing for A3 



I. Average bandwidth assumes an even spread of dead nozzles. Clumps of dead nozzles may cause delays due to insufficient available 
DRAM bandwidth. These delays will occur every line causing an accumulative delay over a page. 
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c. 16 bits x 13824 nozzles x 0.05 dead 

d. (16 bits read / 20 cycles) = 0.8 bits/cycle 



29.4 



Nozzle compensation 



DNC receives 6 bits of dot information every cycle from the HCU, 1 bit per color plane. When the dot 
position corresponds to a dead nozzle column, the associated 6-bit dn_mask indicates which ink plane(s) 
contains a dead nozzle(s). The DNC first deletes dots destined for the dead nozzle. It then replaces those 
dead dots, either by placing the data destined for the dead nozzle into an adjacent ink plane (direct substi- 
tution) or into a number of ink planes (indirect substitution). After ink replacement, if a dead nozzle is 
made active again then the DNC performs error diffusion. Finally, following the dead nozzle compensa- 
tion mechanisms the fixative, if present, may need to be adjusted due to new nozzles being activated, or 
dead nozzles being removed 



If a nozzle is defined as dead, then the first action for the DNC is to turn off (zeroing) the dot data destined 
for that nozzle. This is done by a bit- wise ANDing of the inverse of the dn_mask with the dot value. 



Ink replacement is a mechanism where data destined for the dead nozzle is placed into an adjacent ink 
plane of the same color (direct substitution, i.e. K -> KriuxnatxvJ, or placed into a number of ink planes, the 
combination of which produces the desired color (indirect substitution, i.e. IC -> CMY). Ink replacement is 
performed by filtering out ink belonging to nozzles that are dead and then adding back in an appropriately 
calculated pattern. This two step process allows the optional re-inclusion of the ink data into die original 
dead nozzle position to be subsequently error diffused. In the general case, fixative data destined for a dead 
nozzle should not be left active intending it to be later diffused. 

The ink replacement mechanism has 6 ink replacement patterns, one per ink plane, programmable by the 
CPU. The dead nozzle mask is ANDed with the dot data to see if there are any planes where the dot is 
active but the corresponding nozzle is dead. The resultant value forms an enable, on a per ink basis, for the 
ink replacement process. If replacement is enabled for a particular ink, the values from the corresponding 
replacement pattern register are ORed into the dot data. The output of the ink replacement process is then 
filtered so that error diffusion is only allowed for the planes in which error diffusion is enabled. The output 
of the ink replacement logic is ORed with the resultant dot after dead nozzle removal. See Figure 210 on 
page 459 for implementation details. 

For example if we consider the printhead color configuration C,M,Y,Ki,K 2 ,IR and the input dot data from 
the HCU is b 101 100. Assuming that the K| ink plane and IR ink plane for this position are dead so the 
dead nozzle mask is bOOOlOl. The DNC first removes the dead nozzle by zeroing the Kj plane to produce 
bl 01000. Then the dead nozzle mask is ANDed with the dot data to give bOOOlOO which selects the ink 
replacement pattern for K! (in this case the ink replacement pattern for K x is configured as bOOOOIO, i.e. 
ink replacement into the K 2 plane). Providing error diffusion for K 2 is enabled, the output from the ink 
replacement process is bOOOOIO. This is ORed with the output of dead nozzle removal to produce the 
resultant dot blOlOlO. As can be seen the dot data in the defective K x nozzle was removed and replaced by 
a dot in the adjacent K 2 nozzle in the same dot position, i.e. direct substitution. 

In the example above the Ki ink plane could be compensated for by indirect substitution, in which case ink 
replacement pattern for Kj would be configured as bl 1 1000 (substitution into the CMY color planes), and 
this is ORed with the output of dead nozzle removal to produce the resultant dot bl 1 1000. Here the dot 
data in the defective K { ink plane was removed and placed into the CMY ink planes. 



29.4.1 



Dead nozzle removal 



29.4.2 Ink replacement 



Dcx:: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



— £9 Nov 2002 
Page 448 



V 



SoPEC : Hardware Design 



29.4.3 Error diffusion 

Based on the programming of the lookup table the dead nozzle may be left active after ink replacement. In 
such cases the DNC can compensate using error diffusion. Error diffusion is a mechanism where dead noz- 
zle dot data is diffused to adjacent dots. 

When a dot is active and its destined nozzle is dead, the DNC will attempt to place the data into an adja- 
cent dot position, if one is inactive. If both dots are inactive then the choice is arbitrary, and is determined 
by a pseudo random bit generator. If both neighbor dots are already active then the bit cannot be compen- 
sated by diffusion. 

Since the DNC needs to look at neighboring dots to determine where to place the new bit (if required), the 
DNC works on a set of 3 dots at a time. For any given set of 3 dots, the first dot received from the HCU is 
referred to as dot A, and the second as dot B, and the third as dot C. The relationship is shown in Figure 



0-1 



dot A 



dotB 



rw-1 



dotC 



direction of dot movement 



Figure 206. Set of dots operated on for error diffusion 



For any given set of dots ABC, only B can be compensated for by error diffusion if B is defined as dead A 
1 in dot B will be diffused into either dot A or dot C if possible. If there is already a 1 in dot A or dot C 
then a 1 in dot B cannot be diffused into that dot. 

The DNC must support adjacent dead nozzles. Thus if dot A is defined as dead and has previously been 
compensated for by error diffusion, then the dot data from dot B should not be diffused into dot A. Simi- 
larly, if dot C is defined as dead, then dot data from dot B should not be diffused into dot C. 

Error diffusion should not cross line boundaries. If dot B contains a dead nozzle and is the first dot in a line 
then dot A represents the last dot from the previous line. In this case an active bit on a dead nozzle of dot B 
should not be diffused into dot A. Similarly, if dot B contains a dead nozzle and is the last dot in a line then 
dot C represents the first dot of the next line. In this case an active bit on a dead nozzle of dot B should not 
be diffused into dot C. 

Thus, as a rule, a 1 in dot B cannot be diffused into dot A if 

• a I is already present in dot A, 

• dot A is defined as dead, 

• or dot A is the last dot in a line. 

Similarly, a 1 in dot B cannot be diffused into dot C if 

• a 1 is already present in dot C, 

• dot C is defined as dead, 

• or dot C is the first dot in a line. 

If B is defined to be dead and the dot value for B is 0, then no compensation needs to be done and dots A 
and C do not need to be changed. 

If B is defined to be dead and the dot value for B is 1, then B is changed to 0 and the DNC attempts to 
place the 1 from B into either A or C: 

• If the dot can be placed into both A and C, then the DNC must choose between them. The preference is 
given by the current output from the random bit generator, 0 for "prefer left" (dot A) or 1 for "prefer 
right" (dot C). 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



«£9 Nov 2002 
Page 449 



SoPEC : Hardware Design 



• If dot can be placed into only one of A and C, then the 1 from B is placed into that position. 

• If dot cannot be placed into either one of A or C, then the DNC cannot place the dot in either position. 
Table 147 shows the truth table for DNC error diffusion operation when dot B is defined as dead. 



Table 147. Error Diffusion Truth Table when dot B Is dead 




0 


0 


0 


X 


Ainput 


0 


C input 


0 


0 


1 


X 


Ainput 


0 


C input 


0 


1 


0 


0 


1 b 


0 


C input 


0 


1 


0 


1 


Ainput 


0 


1 


0 


1 . 


1 


X 


1 


0 


C input 


1 


0 


0 


X 


Ainput 


0 


C input 


1 


0 


1 


X 


Ainput 


0 


C input 


1 


1 


0 


X 


Ainput 


0 


1 


1 


1 


1 


X 


Ainput 


0 


C input 



a. Output from random bit generator. Determines direction of error diffusion (0 = left, 1 = right) 

b. Bold emphasis is used to show the DNC inserted a 1 

The random bit value used to arbitrarily select the direction of mfrusion is generated by a 32-bit maximum 
length random bit generator. The generator generates a new bit for each dot in a line regardless of whether 
the dot is dead or not. The random bit generator can be initialized with a 32-bit programmable seed value. 

29.4.4 Fixative correction 

After the dead nozzle compensation methods have been applied to the dot data, the fixative, if present, may 
need to be adjusted due to new nozzles being activated, or dead nozzles being removed. For each output 
dot the DNC determines if fixative is required (using the FixativeRequiredMask register) for the new com- 
pensated dot data word and whether fixative is activated already for that dot. For the DNC to do so it needs 
to know the color plane that has fixative, this is specified by the FixattveMaskI configuration register. 
Table 148 indicates the actions to take based on these calculations. 



Table 1 48. Truth table for fixative correction 









1 


i 


Output dot as is. 


1 


0 


Clear fixative plane. 


0 


1 


Attempt to add fixative. 


0 


0 


Output dot as Is. 



The DNC also allows the specification of another fixative plane, specified by the FixativeMask2 configura- 
tion register, with FixattveMaskI having the higher priority over FixativeMask2. When attempting to add 
fixative the DNC first tries to add it into the planes defined by FixativeMaskL However, if any of these 
planes is dead then it tries to add fixative by placing it into the planes defined by FixativeMask2. 
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Note that the fixative defined by Fixativehfaskl and FixativeMask2 could possibly be multi-part fixative, 
i.e. 2 bits could be set in FixativeMaskl with the fixative being a combination of both inks. 
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29.5 Implementation 

A block diagram of the DNC is shown in Figure 207. 
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— r 



HCU 



hcu_dnc_data 
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Figure 207. Block diagram of DNC 
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29.5.1 Definitions of I/O 



Table 149. DNC port Nst and description 







iSMU 




Clocks and Resets 


pctk 


1 


In 


System Clock. 


prst_n 


1 


In 


System reset, synchronous active low. 


PCU Interface 


pcu_dnc„sel 


1 


tn 


Block select from the PCU. When pcu_dnc_sei\$ high both 
pcu_adr and pcu_dataout are valid. 


pcu_rwn 


1 


In 


Common read/not-write signal from the PCU. 


pcu_adrf6:2] 


5 


In 


PCU address bus. Only 5 bits are required to decode the 
address space for this block. 


pcu_dataout{31 .*0] 


32 


In 


Shared write data bus from the PCU. 


dnc_pcu_rdy 


1 


Out 


Ready signal to the PCU. When dnc _pcu_cdy\s high it indi- 
cates the last cycle of the access. For a write cycle this 
means pcu_da taout has been registered by the block and for 
a read cycle this means the data on dnc_jxxt_data is valid. 


dnc_pcu_data[31 :0] 


32 


Out 


Read data bus to the PCU. 


DIU interface 


dnc_diu_rreq 


1 


Out 


DNC unit requests DRAM read. A read request must be 
accompanied by a valid read address. 


dnc_diu_radrf21:5] 


17 


Out 


Read address to DtU, 256-bit word aligned. 


diu_dnc_rack 


1 ! 


In 


Acknowledge from DIU that read request has been accepted 
and new read address can be placed on dnc_diu_radr 


diu_dnc_rvalid 


1 


In 


Read data valid, active high. Indicates that valid read data is 
now on the read data bus, diu_data. 


diu_data|63:01 


64 


In | 


Read data from DIU. 


HCU Interface 


dnc_hcu_ready 


1 


Out 


Indicates that DNC Is ready to accept data from the HCU. 


hcu_dnc_avatt 


1 


In 


Indicates vaDd data present on hcujdncjdata. 


hcu_dnc_data[5:0J 


6 


In 


Output biHevel dot data in 6 ink planes. 


DWU interface 


dwu_dnc_ready 


1 I 


In 


Indicates that DWU Is ready to accept data from the DNC. 


drtc_dwu_avaiJ 


1 


Out 


Indicates valid data present on dnc_dwu_data. 


dnc_dwu_data{5:0) 


6 


Out 


Output bHevei dot data in 6 ink planes. 



29.5.2 Configuration registers 

The configuration registers in the DNC are programmed via the PCU interface. Refer to section 21.8.2 on 
page 257 for the description of the protocol and timing diagrams for reading and writing registers in the 
DNC. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
DNC. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) oidnc_pcu_data. Table 150 lists the configuration registers in the DNC. 
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Table 150. DNC configuration registers 




Control registers 



0x00 



Reset 



0x1 



A write to this register causes a reset of the 
DNC. 



0x04 



Go 



0x0 



Writing 1 to this register starts the DNC. Writing 
0 to this register halts the DNC. 
When Go is asserted all counters, flags etc. are 
cleared or given their initial value, but configura- 
tion registers keep their values. 
When Go is deasserted the state-machines go 
to their idle states but all counters and configu- 
ration registers keep their values. 
This register can be read to determine if the 
DNC is running 
(1 = running, 0 = stopped). 



Setup registers (constant during processing) 



0x10 



MaxDot 



16 



0x0000 



This is the maximum dot number - 1 present 
across a page. For example if a page contains 
13624 dots, then MaxDot will be 13823. 
Note that this number may or may not be the 
same as the number of dots across the print- 
head as some margining may be introduced in 
the PHI. 



0x14 



LSFR 



32 



Ox0O00_ 
0000 



The current value of the LFSR register used as 
the 32-bit maximum length random bit genera- 
tor. 

Users can write to this register to program a 
seed value for the 32-bit maximum length ran- 
dom bit generator. Must not be all 1s for taps 
implemented in XNOR form, (it is expected that 
writing a seed value will not occur during the 
operation of the LFSR). 

This LSFR value could also have a possible use 
as a random source in program code. 



0x20 



FixativeMaskl 



0x00 



Defines the higher priority fixative ptane(s). Bit 0 

represents the settings for plane 0, bit 1 for 

plane 1 etc. For each bit 

1 = the ink plane contains fixative. 

0 = the ink plane does not contain fixative. 



0x24 



Fixative Mask2 



0x00 



Defines the lower priority fixative plane(s). Bit 0 

represents the settings for plane 0, bit 1 for 

plane 1 etc. Used only when FixativeMaskl 

planes are dead. For each bit 

1 c the Ink plane contains fixative. 

0 = the ink plane does not contain fixative. 



0x28 



FixativeRequiredMask 



0x00 



Identifies the ink planes that require fixative. Bit 

0 represents the settings for plane O. bit 1 for 
plane 1 etc. For each bit: 

1 a the ink plane requires fixative. 

0 - the ink plane does not require fixative (e.g. 
ink is self-fixing) 
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Table 150. DNC configuration registers 



I1IIS 


P 










0x30 


DnTaWeStartAdr 




I 0x0_0000 


Start address of Dead Nozzle Table in DRAM, 
specified in 256-blt words. 


0x34 


DnTableEndAdr 


1 / 


0x0_0000 


End address of Dead Nozzle Table in DRAM, 
specified in 256-bit words, i.e. the location con* 
taining the last entry in the Dead Nozzle Table. 
The Dead Nozzle Table should be aligned to a 
256-bit boundary, if necessary it can be padded 
with null entries. 


0x40 - 0x54 


PlaneReptacePat- 
tern(5:0] 


6x6 


0x00 


Defines the ink replacement pattern for each o1 
the 6 ink planes. PianeReptacePattem[0]i$ the 
ink replacement pattern for piane 0, PianeRe- 
ptacePattem[1]i$ the ink replacement pattern 
for plane 1 , etc 

For each 6 -bit replacement pattern for a plane, 
a 1 in any bit positions indicates the alternative 
ink planes to be used for this plane. 


0x58 


Diffuse Enable 


6 


0x3F 


Defines whether, after ink replacement, error 
diffusion is allowed to be performed on each 
plane. 

Bit O represents the settings for plane 0, bit 1 for 
plane 1 etc. For each brt 
1 b error diffusion is enabled 
0 = error diffusion is disabled 


Debug registers (read only) 


0x60 


DncOutputDebug 


6 


N/A 


Bit 7 = dwu_cfnc_fB2dy 
Bit 6 = dnc_dwu_avail 
Bits 5-0 = dnc_dwu_data 


0x64 


DncReplaceDebug 


14 


N/A 


Bit 13= edu^ready 
Bit 12 = //u_ava/7 
Bits 11-6 = iru_dn_mask 
Bits 5-0 a 1ru_data 


0x68 


DncDiffuseDebug 


14 


N/A 


Bit 13 = dwv_dnc_ready 

Bit 12 = dncjdwu_avail j 
Bits 11-6 = edu_dn_mask 
Bits 5-0 c edujdata 
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J3 



29.5.3 Ink replacement unit 

Figure 208 shows a sub-block diagram for the ink replacement unit 
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Figure 208. Sub-block diagram of ink replacement unft 



29.5.3.1 Contra! unit 



The control unit is responsible for reading the dead nozzle table from DRAM and making it available to 
the DNC via the dead nozzle FIFO. The dead nozzle table is read from DRAM in single 256-bit accesses, 
receiving the data from the DIU over 4 clock cycles {64-bits per cycle). The protocol and timing for read 
accesses to DRAM is described in section 20.9.1 on page 208. Reading from DRAM is implemented by 
means of the state machine shown in Figure 209. 

All counters and flags should be cleared after reset. When Go transitions from 0 to 1 all counters and flags 
should take their initial value. While the Go bit is 1 , the state machine requests a read access from the dead 
nozzle table in DRAM provided there is enough space in its FIFO. 

A modulo-4 counter, rd_count 9 is used to count each of the 64-bits received in a 256-bit read access. It is 
incremented whenever diujinc_rvalid is asserted. When Go is 1, dnjable_radr is set to 
dnjtable_ftart_adr. As each 64-bit value is returned, indicated by diu_dnc_rvalid being asserted, 
dnjLable_radr is compared to dn_table__end_adr\ 

• If rd_count equals 3 and dn_table_radr equals dnjtable_end_adr 9 then dnjtable_radr is updated to 
dn_table_jtart_adr. 

• \ird_count equals 3 and dn_table_radr does not equal dnjtablejendjadr, then dnjtable_radr is incre- 
mented by 1. 

A count is kept of the number of 64-bit values in the FIFO. When diu_dnc_rvalid is 1 data is written to the 
FIFO by asserting wr_en t and fifo^contents andfifo_wr_adr are both incremented. 
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When fifojcontents [3:0] is greater than 0 and edu_ready is 1, dnc_hcujready is asserted to indicate that 
the DNC is ready to accept dots from the HCU. If hcu_dnc_avail is also 1 then a dotadv pulse is sent to the 
GenMask unit, indicating the DNC has accepted a dot from the HCU, and iru^avail is also asserted. After 
Co is set, a single preload pulse is sent to the GenMask unit once the FIFO contains data. 

When a rd^adv pulse is received from the GenMask unit, fifo_rd_adr [4:0] is then incremented to select 
the next 16-bit value. If fifo_rd_adr[l:0] = 1 1 then the next 64-bit value is read from the FIFO by asserting 
rdjzn, andji/o_contents[3:0] is decremented. 



dn table mdrU»dn table end adr 



ANPri cowm =* 3 

dn_table_ireq » 0 
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Figure 209. Dead nozzle table state machine 



29.5.3.2 Dead nozzle FIFO 

The dead nozzle FIFO conceptually is a 64-bit input, and 16-bit output FIFO to account for the 64-bit data 
transfers from the DIU, and the individual 16-bit entries in the dead nozzle table that are used in the Gen- 
Mask unit In reality, the FIFO is actually 8 entries deep and 64-bits wide (to accommodate two 256-bit 
accesses). 

On the DRAM side of the FIFO the write address is 64-bit aligned while on the GenMask side the read 
address is 1 6-bit aligned, i.e. the upper 3 bits are input as the read address for the FIFO and the lower 2 bits 
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are used to select 16 bits from the 64 bits (1st 16 bits read corresponds to bits 1 5-0, second 16 bits to bits 
31-16 etc.). 

29.5.3.3 GenMask unit 

The GenMask unit generates the 6-bit dn_mosk that is sent to the replace unit. It consists of a 10-bit delta 
counter and a mask register. 

After Go is set, the GenMask unit will receive a preload pulse from the control unit indicating the first 
dead nozzle table entry is available at the output of the dead nozzle FIFO and should be loaded into the 
delta counter and mask register. A rd_adv pulse is generated so that the next dead nozzle table entry is pre- 
sented at the output of the dead nozzle FIFO. The delta counter is decremented every time a dotadv pulse 
is received. When the delta counter reaches 0, it gets loaded with the current delta value output from the 
dead nozzle FIFO, i.e. bits 15-6, and the mask register gets loaded with mask output from the dead nozzle 
FIFO, i.e. bits 5-0. A rd_adv pulse is then generated so that the next dead nozzle table entry is presented at 
the output of the dead nozzle FIFO. 

When the delta counter is 0 the value in the mask register is output as the dn^mask, otherwise the dn_mask 
is all 0s. 

The GenMask unit has no knowledge of the number of dots in a line, it simply loads a counter to count the 
delta from one dead nozzle column to the next. Thus as described in section 29.2 on page 446 the dead 
nozzle table should include null identifiers if necessary so that the dead nozzle table covers the first and 
last nozzle column in a line. 

29.5.3.4 Replace unit 

Dead nozzle removal and ink replacement are implemented by the combinatorial logic shown in Figure 
210. Dead nozzle removal is performed by bit-wise ANDing of the inverse of the dn_mask with the dot 
value. 

The ink replacement mechanism has 6 ink replacement patterns, one per ink plane, programmable by the 
CPU. The dead nozzle mask is ANDed with the dot data to see if there are any planes where the dot is 
active but the corresponding nozzle is dead. The resultant value forms an enable, on a per ink basis, for the 
ink replacement process. If replacement is enabled for a particular ink, the values from the corresponding 
replacement pattern register are ORed into the dot data. The output of the ink replacement process is then 
filtered so that error diffusion is only allowed for the planes in which error diffusion is enabled. 

The output of the ink replacement process is ORed with the resultant dot after dead nozzle removal. If the 
dot position does not contain a dead nozzle then the dn_mask will be all 0s and the dot, hcu_dnc_data, will 
be passed through unchanged. 
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Figure 210. Logic for dead nozzle removal and Ink replacement 
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29.5.4 Error Diffusion Unit 

Figure 21 1 shows a sub-block diagram for the error diffusion unit. 
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Figure 211. Sub-block diagram of error diffusion unit 



29.5.4.1 Random Bit Generator 



The random bit value used to arbitrarily select the direction of diffusion is generated by a maximum length 
32-bit LFSR- The tap points and feedback generation are shown in Figure 212. The LFSR generates a hew 
bit for each dot in a line regardless of whether the dot is dead or not, i.e shifting of the LFSR is enabled 
when odvdot equals 1. The LFSR can be initialised with a 32-bit programmable seed value, rondom^seed. 
This seed value is loaded into the LFSR whenever a write occurs to the RandomSeed register. Note that the 
seed value must not be all Is as this causes the LFSR to lock-up. 
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Figure 212. Maximum length 32-bit LFSR used for random bit generation 



29,5.4.2 Advance Dot Unit 

The advance dot unit is responsible for detenruning in a given cycle whether or not the error diffuse unit 
will accept a dot from the ink replacement unit or make a dot available to the fixative correct unit and on to 
the DWU. It therefore receives the dwu_dnc_ready control signal from the DWU, the irujxvail flag from 
the ink replacement unit, and generates dnc_dwu_avail and edu_ready control flags. 

Only the dwu_dncjready signal needs to be checked to see if a dot can be accepted and asserts edu^ready 
to indicate this. If the error diffuse unit is ready to accept a dot and the ink replacement unit has a dot avail- 
able, then a odvdot pulse is given to shift the dot into the pipeline in the diffuse unit. Note that since the 
error diffusion operates on 3 dots, the advance dot unit ignores dwu_dnc_ready initially until 3 dots have 
been accepted by the diffuse unit Similarly dncjdwujxvail is not asserted until the diffuse unit contains 3 
dots and the ink replacement unit has a dot available. 
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29.5.4.3 Diffuse Unit 

The diffuse unit contains the combinatorial logic to implement the truth table from Table 147. The diffuse 
unit receives a dot consisting of 6 color planes (1 bit per plane) as well as an associated 6-bit dead nozzle 
mask value. 

Error diffusion is applied to all 6 planes of the dot in parallel. Since error diffusion operates on 3 dots, the 
diffuse unit has a pipeline of 3 dots and their corresponding dead nozzle mask values. The first dot 
received is referred to as dot A, and the second as dot B, and the third as dot C. Dots are shifted along the 
pipeline whenever advdot is 1. A count is also kept of the number of dots received It is incremented when- 
ever advdot is 1, and wraps to 0 when it reaches maxjdot. When the dot count is 0 dot C corresponds to the 
first dot in a line. When the dot count is 1 dot A corresponds to the last dot in a line. 

In any given set of 3 dots only dot B can be defined as containing a dead nozzle{s). Dead nozzles are iden- 
tified by bits set in iru_dn_mask. If dot B contains a dead nozzle(s), the corresponding bit(s) in dot A, dot 
C, the dead nozzle mask value for A, the dead nozzle mask value for C, the dot count, as well as the ran- 
dom bit value are input to the truth table logic and the dots A, B and C assigned accordingly. If dot B does 
not contain a dead nozzle then the dots are shifted along the pipeline unchanged 

29.5.5 Fixative Correction Unit 

The fixative correction unit consists of combinatorial logic to implement fixative correction as defined in 
Table 151. For each output dot the DNC determines if fixative is required for the new compensated dot 
data word and whether fixative is activated already for that dot. 

FixativePresenc = ( (Fixati veMaskl "| FixativeMask2) & edu_data) != 0 
FixativeReouired » (FixativeRequiredMask & edu_data) » = 0 

It then looks up the truth table to see what action, if any, needs to be taken. 



Table 151. Truth table for fixative correction 



slip 


m 






1 


1 


Output dot as Is. 


dnc_dwu_data = edu_data 


1 


0 


Clear fixative plane. 


dnc_dwu_data = (edu^data) & -{RxativeMaskl | RxatrveMask2) 


0 


i 


Attempt to add fixa- 
tive. 


if (Fixath/eMask! & DnMask) != 0 

dnc_dwu_data » (edu.data) | (Fixative Mask2 & -DnMask) 
else 

dnc_dwu_data = (edu_data) | (RxativeMaskl) 


0 


0 


Output dot as is. 


dnc_dwu_data = edu_data 



When attempting to add fixative the DNC first tries to add.it into the plane denned by FixotiveMaskL 
However, if this plane is dead then it tries to add fixative by placing it into the plane defined by 
FixativeMask2. Note that if both FixativeMaskl and FixativeMask2 are both all Os then the dot data will 
not be changed. 
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30 Dotline Writer Unit (DWU) 

30.1 Overview 

The Dotline Writer Unit (DWU) receives 1 dot (6 bits) of color information per cycle from the DNC. Dot 
data received is bundled into 256-bit words and transferred to the DRAM, The DWU (in conjunction with 
the LLU) implements a dot line FIFO mechanism to compensate for the physical placement of nozzles in a 
printhead, and provides data rate smoothing to allow for local complexities in the dot data generate pipe- 
line. 



ORAM 
via OtU 



DNC 



dot data 



DWU 



dot data 



dot data 



control 



Figure 213. High level data flow diagram of DWU in context 



30.2 Physical requirement imposed by the printhead 

The physical placement of nozzles in the printhead means that in one firing sequence of all nozzles, dots 
will be produced over several print lines. The printhead consists of 12 rows of nozzles, one for each color 
of odd and even dots. Odd and even nozzles are separated by D 2 print lines and nozzles of different colors 
are separated by D x print lines. See Figure 214 for reference. The first color to be printed is the first row of 
nozzles encountered by the incoming paper. In the example this is color 0 odd, although is dependent on 
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the printhead type (see Section 35 Memjet Printhead for other printhead arrangments). Paper passes under 
printhead moving downwards. 



Type 0 printhead IC 

Color 5 Even — 
Color 5 Odd — 
Color 4 Even — 
Color 4 Odd — 
Color 3 Even — 
Color 3 Odd — 
Color 2 Even — 
Color 2 Odd — 
• Color 1 Even — 
Color 1 Odd — 
Color 0 Even — 
Color 0 Odd — 
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j ( 80 fxm 



80 



-Shift register Order 



J [D2= 5 lines 



Paper Direction 



Note; Paper passes under printhead 

Figure 214. Printhead Nozzle Layout for conceptual 36 Nozzle bi-tithic printhead 

For example if the physical separation of each half row is 80um equating to D|=D 2 =5 print lines at 
1600dpi. This means that in one firing sequence, color 0 odd nozzles will fire on dotline L, color 0 even 
nozzles will fire on dotline L-Di, color 1 odd nozzles will fire on dotline L-D r D 2 and so on over 6 color 
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planes odd and even nozzles. The total number of lines fired over is given as 0+5+5 +5= 0 + 1 1x5 =55. 

See Figure 215 for example diagram. 
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Figure 215. Paper and printhead nozzles relationship (example with D 1 =D 2 =5) 

It is expected that the physical spacing of the printhead nozzles will be 80um (or 5 dot lines), although 
there is no dependency on nozzle spacing. The DWU is configurable to allow other line nozzle spacings. 



Table 152. Relationship between Nozzle color/sense and line firing 





EE** 










sense 


line 


sense 


tine 


Color 0 


even 


L * 


even 


L-5 




odd 


L-5 


odd 


L 


Colon 


even 


L-10 


even 


L-15 




odd 


L-15 


odd 


L-10 


Color 2 


even 


L-20 


even 


L-25 




odd 


L-25 


odd 


L-20 


Color3 


even 


L-30 


even 


L-35 




odd 


L-35 


odd 


L-30 


Color 4 


even 


L-40 


even 


L-45 




odd 


L-45 


odd 


L-40 


Color 5 


even 


L-50 


even 


L-55 




odd 


L-55 


odd 


L-50 



30.3 Line rate de-coupling 



The DWU block is required to compensate for the physical spacing between lines of nozzles. It does this 
by storing dot lines in a FIFO (in DRAM) until such time as they are required by the LLU for dot data 
transfer to the printhead interface. Colors are stored separately because they are needed at different times 
by the LLU. The dot line store must store enough lines to compensate for the physical line separation of 
the printhead but can optionally store more lines to allow system level data rate variation between the read 
(printhead feed) and write sides (dot data generation pipeline) of the FIFOs. 
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A logical representation of the FIFOs is shown in Figure 216, where N is defined as the optional number of 
extra half lines in the dot line store for data rate de-coupling. 
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Figure 216. Dot line store logical representation 



30.4 DOT LINE STORE STORAGE REQUIREMENTS 

For an arbitrary page width of d dots (where d is even), the number of dots per half line is d/2. 

For interline spacing of D 2 and inter-color spacing of D|, with C colors of odd and even half lines, the 
number of half line storage is (C - 1) (I^+Dj) + D1 - 

For N extra half line stores for each color odd and even, the storage is given by (N * C * 2). 
The total storage requirement is ((C - 1) (D 2 +D,) + Dl + (N * C ♦ 2)) * d/2 in bits. 
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Note that when determining the storage requirements for the dot line store, the number of dots per line is 
the page width and not necessarily the printhead width. The page width is often the dot margin number of 
dots less than the printhead width. They can be the same size for full bleed printing. 

For example in an A4 page a line consists of 13824 dots at 1600 dpi, or 6912 dots per half dot line. To 
store just enough dot lines to account for an inter-line nozzle spacing of 5 dot lines it would take 55 half 
dot lines for color 5 odd, 50 dot lines for color 5 even and so on, giving 55+50+45.-10+5+0= 330 half dot 
lines in total. If it is assumed that N=4 then the storage required to store 4 extra half lines per color is 4 x 
12=48, in total giving 330+48=378 half dot lines. Each half dot line is 6912 dots, at 1 bit per dot give a 
total storage requirement of 6912 dots x 378 half dot lines / 8 bits = Approx 319 Kbytes. Similarly for an 
A3 size page with 19488 dots per line, 9744 dots per half line x 378 half dot lines / 8 = Approx 899 
Kbytes. 



Table 153. Storage requirement for dot line store 
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742 
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785 


378 


899 



The potential size of the dot line store makes it unfeasible to be implemented in on-chip SRAM, requiring 
the dot line store to be implemented in embedded DRAM. This allows a configurable dotline store where 
unused storage can be redistributed for use by other parts of the system. 



30.5 Local buffering 

An embedded DRAM is expected to be of the order of 256 bits wide, which results in 27 words per half 
line of an A4 page, and 54 words per half line of A3. This requires 27 words x 12 half colors (6 colors odd 
and even) — 324 x 256-bit DRAM accesses over a dotline print time, equating to 6 bits per cycle (equal to 
DNC generate rate of 6 bits per cycle). Each half color is required to be double buffered, while filling one 
buffer the other buffer is being written to DRAM. This results in 256 bits x 2 buffers x 12 half colors i.e. 
6144 bits in total. 

The buffer requirement can be reduced, by using 1 .5 buffering, where the DWU is rilling 128 bits while the 
remaining 256 bits are being written to DRAM. While this reduces the required buffering locally it 
increases the peak bandwidth requirement to the DRAM. With 2x buffering the average and peak DRAM 
bandwidth requirement is the same and is 6 bits per cycle, alternatively with 1.5x buffering the average 
DRAM bandwidth requirement is 6 bits per cycle but the peak bandwidth requirement is 12 bits per cycle. 
The amount of buffering used will depend on the DRAM bandwidth available to the DWU unit. 
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x1.5 Buffering 
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Figure 217. Comparison of 1.5x v 2x buffering 

Should the DWU fail to get the required DRAM access within the specified time, the DWU will stall the 
DNC data generation. The DWU will issue the stall in sufficient time for the DNC to respond and still not 
cause a FIFO overrun. Should the stall persist for a sufficiently long time, the PHI will be starved of data 
and be unable to deliver data to the printhead in time. The sizing of the dotline store FIFO and internal 
FIFOs should be chosen so as to prevent such a stall happening. 



30.6 Dotline data in memory 



The dot data shift register order in the printhead is shown in Figure 214 (the transmit order is the opposite 
of the shift register order). In the example the type 0 printhead IC transmit order is increasing even color 
data followed by decreasing odd color data. The type 1 printhead IC transmit order is decreasing odd color 
data followed by increasing even color data. For both printhead ICs the even data is always increasing 
order and odd data is always decreasing. The PHI controls which printhead IC data gets shifted to. 

From this it is beneficial to store even data in increasing order in DRAM and odd data in decreasing order. 
While this order suits the example printhead, other printheads exist where it would be beneficial to store 
even data in decreasing order, and odd data in increasing order, hence the order is configurable. The order 
that data is stored in memory is controlled by setting the ColorLineSense register. 
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The dot order in DRAM for increasing and decreasing sense is shown in Figure 218 and Figure 219 
respectively. For each line in the dot store the order is the same (although for odd lines the numbering will 
be different the order will remain the same). Dot data from the DNC is always received in increasing dot 
number order. For increasing sense dot data is bundled into 256-bit words and written in increasing order 
in DRAM, word 0 first, then word 1 , and so on to word N, where N is the number of words in a line. 

For decreasing sense dot data is also bundled into 256-bit words, but is written to DRAM in decreasing 
order, i.e. word N is written first then word N-l and so on to word 0. For both increasing and decreasing 
sense the data is aligned to bit 0 of a word, i.e. increasing sense always starts at bit 0, decreasing sense 
always finishes at bit 0. 

Even Dot Storage in DRAM (Increasing Sense) 
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Figure 218. Even dot order in DRAM (Increasing Sense, 13320 dot wide line) 



Even Dot Storage in DRAM (Decreasing Sense) 
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Figure 219. Even dot order in DRAM (Decreasing Sense, 13320 dot wide line) 



Each half color is configured independently of any other color. The ColorBaseAdr register specifies the 
position where data for a particular dotline FIFO will begin writing to. Note that for increasing sense col- 
ors the ColorBaseAdr register specifies the address of the first word of first line of the fifo, whereas for 
decreasing sense colors the ColorBaseAdr register specifies the address of last word of the first line of the 
FIPO. 

Dot data received from the DNC is bundled in 256-bit words and transferred to the DRAM. Each line of 
data is stored consecutively in DRAM, with each line separated by ColorLinelnc number of words. 

For each line stored in DRAM the DWU increments the line count and calculates the DRAM address for 
the next line to store. 
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This process continues until ColorFifoSize number of lines are stored, after which the DRAM address with 
wrap back to the ColorBaseAdr address. 
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(words) 
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Figure 220. Dotline FIFO data structure In DRAM 

As each line is written to the FIFO, the DWU increments the FifoFillLevel register, and as the LLU reads a 
line from the FIFO the FifoFillLevel register is decremented The LLU indicates that it has completed 
reading a line by a high pulse on the llu_dwu_Jine^rd line. 

When the number of lines stored in the FIFO is equal to the Max WriteAhead value the DWU will indicate 
to the DNC that it is no longer able to receive data (i.e. a stall) by deasserting the dwujinc_ready signal. 

The ColorEnable register determines which color planes should be processed, if a plane is turned off, data 
is ignored for that plane and no DRAM accesses for that plane are generated. 
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30.7 Implementation 

30.7.1 Definitions of I/O 



Table 154. DWU I/O Definition 







Clocks and Resets 


pdk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active low 


ONC Interface 


dwu__dnc_ready 


1 


Out 


Indicates that DWU is ready to accept data from the DNC. 


dnc_dwu_avall 


1 


In 


Indicates valid data present on dnc_dwu_data. 


dnc_dwu_data(5 .O] 


6 


In 


Input bMevet dot data in 6 ink planes. 


LLU Interface 


dwujlu_0ne_wr 


1 


Out 


DWU line write. Indicates that the DWU has completed a full 
line write. Active high 


llfu_dwujine_rd 


1 


In 


LLU line read. Indicates that the LLU has completed a line 
read. Active high. 


LLU and DWU common configuration 


dwujlu_cfrfosize[1 1 :0jt7:0] 


12x8 


Out 


Indicates the number of lines in the FIFO before the line 

increment will wrap around in memory. 

Bus 0,1 - Even. Odd Gne color O 

Bus 2,3 - Even, Odd line color 1 

Bus 4,5 - Even, Odd line color 2 

Bus 6,7 - Even, Odd line color 3 

Bus 8.9 - Even, Odd line color 4 

Bus 10.1 1 - Even. Odd line color 5 


PCU Interface 


pcu_dwu_sel 


1 


In 


Block select from the PCU. When pcu_dwu_sel is high both 
pcu_adr and pcujdataout are valid. 


pcu_rwn 


1 


In 


Common reaoVnot-write signal from the PCU 


pcu_adr[75] 


6 


In 


PCU address bus Only 6 bits are required to decode the 
address space for this block. 


pcu_dataoutf31 :0} 


32 


In 


Shared write data bus from the PCU. 


dwu__pcu_jdy 


1 


Out 


Ready signal to the PCU. When dwu _pcu_rdy is high it indi- 
cates the last cycle of the access. For a write cycle this 
means pcu_dataout has been registered by the block and 
for a read cycle this means the data on dwu _pcu data is 
valid. 


d wu_pcu_data[3 1 :0] 


32 


Out 


Read data bus to the PCU. 


OJU Interface 


dwu_dru_wreq 


1 


Out 


DWU requests DRAM write. A write request must be accom- 
panied by a valid write address together with valid write data 
and a write valid. 


dwu_diu_wadr[21 S] 


17 


Out 


Write address to DIU 

17 bits wide (256-bit aligned word) 


diu_dwu_wack 


1 


In 


Acknowledge from DIU that write request has been 
accepted and new write address can be placed on 
dwu_diu„wadr 
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Table 154. DWU I/O Definition 







dwu_diu_data{63:0] 


64 


Out 


Data from DWU to DIU. 256-bit word transfer over 4 cycles 
Rrst 64-bits is bits 63:0 of 256 bit word 
Second 64-bits is bits 1 27:64 of 256 bit word 
Third 64-btts is bits 1 91 : 128 of 256 bit word 
Fourth 64-bits is bits 255:192 of 256 bit word 


dwu_diu_wvaJid 


1 


Out 


Signal from DWU indicating that data on dwu diu data is 
valid. 
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30-7.2 DWU partition 
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Figure 221. DWU partition 



30.7.3 Configuration registers 

The configuration registers in the DWU are programmed via the PCU interface. Refer to section 21 .8.2 on 
page 257 for a description of the protocol and timing diagrams for reading and writing registers in the 
DWU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register 
reads and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for 
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the DWU. When reading a register that is less than 32 bits wide zeros should be returned on the upper 
unused bit(s) of dvtu^pcu JLata. Table 155 lists the configuration registers in the DWU. 



Table 155. DWU registers description 









Pi? 




Control Registers 








0x00 


Reset 


1 


0x1 


Active tow synchronous reset, self de-activating. A 
write to this register will cause a DWU block reset. 


0x04 


Go 


1 


0x0 


Active high bit indicating the DWU is programmed 
and ready to use. A tow to high transition wilJ cause 
DWU block interna] states to reset (configuration 
registers are not reset). 


Dot Line Store Configuration 


0x08-0x38 


ColoreaseAdn:ilK)J 


12x17 


0x00000 


Specifies the base address (in words) in memory 
where data from a particular half color (N) will be 
placed. 


0x3C-0x6C 


ColorRfoSize[11:0] 


12x8 


0x00 


Indicates the number of tines in the FIFO before 
the tine increment will wrap around in memory. 
Bus 0, 1 - Even, Odd line color 0 
Bus 2.3 - Even. Odd line color 1 
Bus 4.5 - Even. Odd line color 2_ 
Bus 6,7 - Even, Odd line color 3 
Bus 8,9 - Even, Odd fine color 4 
Bus 10.1 1 - Even, Odd line color 5 


0x70 


ColorLineSense 


2 


0x2 


Specifies whether data written to DRAM for this 
half color is increasing or decreasing sense 

0 - Decreasing sense 

1 - Increasing sense 

Bit 0 Defines even color sense, 
Bit 1 Defines odd color sense. 


0x74 


ColorEnable 


6 


0x3F 


Indicates whether a particular color is active or not. 
When inactive no data is written to DRAM for that 
color. 

0- Color off 
1 - Color on 

One bit per color, bit 0 is Color 0 and so on. 


0x78 


MaxWriteAhead 


8 


0x00 


Specifies the maximum number of lines that the 
DWU can be ahead of the LLU 


0x7C 


UneSize 


16 


0x0000 


Indicates the number of dots per line. 


Working Registers 


0x80 


LineDotCnt 


16 


0x0000 


Indicates the number of remaining dots In the cur- 
rent line. (Read Only) 


0x84 


RfoRIILevel 


8 


0x00 


Number of lines in the FIFO, written to but not 
read. (Read Only) 



A low to high transition of the Go register causes the internal states of the DWU to be reset. All configura- 
tion registers will remain the same. The block indicates the transition to other blocks via the dwu_go _pulse 
signal. 



The ColorLinelnc bus specifies the number of addresses (in 256-bit words) between successive half lines 
in the dot line store. It is derived from the LineSize register by rounding up the nearest 256-bit value. The 
same value used for all half colors. 

if <line_si2e(7:0] 1=0 ) then 

color_line_incC7:0] m line_size(15 : 8] ♦ 1 
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else 

color_line_inc[7:0] = line_size[15 : 8 1 ; 



30.7.4 Fifo fill level 

The DWU keeps a running total of the number of lines in the dot store FIFO. Each time the DWU writes a 
line to DRAM (determined by the DIU interface subblock and signalled via linejwr) it increments the 
filllevel and signals the line increment to the LLU (pulse on dwujlujinejwr). Conversely if it receives an 
active llu_dwu_line_rd pulse from the LLU, the filllevel is decremented. If the filllevel increases to the pro- 
grammed max level {max_write_ahead) then the DWU stalls and indicates back to the DNC by de-assert- 
ing the dwu_dn c_ready signal. 

If one or more of the DIU buffers fill, the DIU interface signals the fill level logic via the bufjull signal 
which in turn causes the DWU to de-assert the dwu_dnc_ready signal to stall the DNC. The bufjull sig- 
nals will remain active until the DIU services a pending request from the full buffer, reducing the buffer 
level. 

The DWU does not increment the fill level until a complete line of dot data is in DRAM not just a com- 
plete line received from the DNC. This ensures that the LLU cannot start reading a partial line from 
DRAM before the DWU has finished writing the line. 

The fill level is reset to zero each time a new page is started, on receiving a pulse via the dwu_go _pulse 
signal. 

The line fifo fill level can be read by the CPU via the PCU at any time by accessing the FifoFillLevel regis- 
ter. 
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30.7.5 Buffer address generator 
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Figure 222. Buffer address generator sub-block 
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30. 7.5. 1 Buffer address generator description 

The buffer address generator sub block is responsible for accepting data from the DNC and writing it to the 
DIU buffers in the correct order. 

The buffer address and active bit-write for a particular dot data write is calculated by the buffer address 
generator based on the dot count of the current line, programmed sense of the color and the line size. 

All configuration registers should be programmed while the Go bit is set to zero, once complete the block 
can be enabled by setting the Go bit to one. The transition from zero to one will cause the internal states to 
reset 

| If the color Jinejsense signal for a color is one (i.e. increasing) then the bit-write generation is straight 

forward as dot data is aligned with a 256-bit boundary. So for the first dot in that color, the bit 0 of the 
wrjbit bus will be active (in buffer word 0), for the second dot bit I is active and so on to the 255 th dot 
where bit 63 is active (in buffer word 3). This is repeated for all 256-bit words until the final word where 
only a partial number of bits are written before the word is transferred to DRAM. 

| If color Jinejsense signal for a color is zero (i.e. decreasing) the bit- write generation for that color is 

adjusted by an offset calculated from the pre-programmed line length (line _size). The offset adjusts the bit 
write to allow the line to finish on a 256-bit boundary. For example if the line length was 400, for the first 
dot received bit 7 (line length is halved because of odd/even lines of color) of the wrjbit is active (buffer 
word 3), the second bit 6 (buffer word 3), to the 200 th dot of data with bit 0 of wrjbit active (buffer word 
0). 
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30.7.5.2 Bit-write decode 

The buffer address generator contains 2 instances of the bit-write decode, one configured for odd dot data 
the other for even. The counter (either up or down counter) used to generate the addresses is selected by 
| the color Jine_sense signal. Each block determines if it is active on this cycle by comparing its configured 

type with the current dot count address and the datajactive signal. 

The wrjbit bus is a direct decoding of the lower 6 count bits (count [6; J J), and the DIU buffer address is 
the remaining higher bits of the counter (count [1 0:7 J). 

The signal generation is given as follows: 
// determine the counter to use 
| if (color_line_sense == 1 ) 

count = up_cnt(10:0] 
else 

count = dn_cnt [10:0] 
// determine if active, based on instance type 

wr_en = datajactive & (count (0] * odd_even_type) // odd =1, even «*0 

// determine the bit write value 

wr_bit[63:0] « decode (count [6 : 13 ) 

// determine the buffer 64 -bit address 

wr_adr [3:0] ■ count (10:7) 

30.7.5.3 Up counter generator 

The up counter increments for each new dot and is used to detennine the write position of the dot in the 
DIU buffers for increasing sense data. At the end of each line of dot data (as indicated by line Jin), the 
counter is rounded up to the nearest 256-bit word boundary. This causes the DIU buffers to be flushed to 
DRAM including any partially filled 256-bit words. The counter is reset to zero if the dwu_go _pulse is 
one. 

// Up-Counter Logic 

if ( dwu_go_pul se == 1) then ( 

up — cnt t 10 : 0 ] » 0 
elsif (line_fin == 1 ) then 

// round up 

if (up_cnt(8:l) != 0) 
up_cnt (10: 9]++ 

else 

up_cnt(lO:9) 

// bit-selector 

up_cnt [7:0] =0 

elsif ( (dnc_dwu_ava i 1 == 1) AND (dwu_dnc_ready == 1 )) then 
up_cnt (7 : 0] 



30.7.5.4 Down counter generator 

The down counter logic decrements for each new dot and is used to determine the write position of the dot 
in the DUI buffers for decreasing sense data. When the dwu^go _jmlse bit is one the lower bits (i.e. 8 to 0) 
of the counter are reset to line size value (line^ize), and the higher bits to zero. The bits used to determine 
the bit-write values and 64-bit word addresses in the DIU buffers begin at line size and count down to zero. 
The remaining higher bits are used to detennine the DIU buffer 256-bit address and buffer fill level, begin 
at zero and count up. The counter is active when valid dot data is present, i.e. dnc_dwu_avail equals 1. 

When the end of line is detected (line Jin equals 1) the counter is rounded to the next 256-bit word, and the 

lower bits are reset to the line size value. 

//Down-Counter Logic 

if (dwu_go_pulse == 1) then 
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dn_cnt[8;0) = line_size[8 :0) 
<ln_cnt(10:9) ■ 0 
elsif <line_fin == 1 ) then 
// perform rounding up 
if (dn_cnt[6ilj != 0) 

dn_cnt[10:9] ++ 
else 

ctn_cnt [10: 9 J 
// bit-select is reset 

dn_cnt[8:0]=line_size[8:0] // bit select bits 
elsif ( (dnc_dwu_avail == 1) AND ( dwu_dnc_r eady == 1 ) ) then 
dn_cnt[8:0] 
dn_cntC10:9]++ 



The dot counter simply counts each active dot received from the DNC. It sets the counter to line jsize and 
decrements each time a valid dot is received. When the count equals zero the line Jin signal is pulsed and 
the counter is reset to line_size. 

The counter is reset to line_$ize when dwu_go _pulse is 1. 



The DIU buffer is a 64 bit x 8 word dual port register array with bit write capability. The buffer could be 
implemented with flip-flops should it prove more efficient 



30.7.5.5 Dot counter 



30,7.6 



DIU buffer 
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30.7.7 DIU interface 
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Figure 223. DIU Interface sub-block 



30,7.7.1 DIU Interface general description 

The DIU interface determines when a buffer needs a data word to be transferred to DRAM. It generates the 
DRAM address based on the dot line position, the color base address and the other programmed parame- 
ters. A write request is made to DRAM and when acknowledged a 256-bit data word is transferred. The 
interface determines if further words need to be transferred and repeats the transfer process. 

If the FIFO in DRAM has reached its maximum level, or one of the buffers has temporarily filled, the 
DWU will stall data generation from the DNC. 

A similar process is repeated for each line until the end of page is reached. At the end of a page the CPU is 
required to reset the internal state of the block before the next page can be printed. A low to high transition 
of the Go register will cause the internal block reset, which causes all registers in the block to reset with 
the exception of the configuration registers. The transition is indicated to subblocks by a pulse on 
dwu_go_pulse signal. 
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30.7.7.2 Interface controller 



Reset OR dwu oo pulse =1 



color cnl ==fi 
group Jin = 1 
req_update = 1 



Idle 



recuupdate-1 



reo active==1 



color_cnt++ 
adr .update » 1 



color enahteteotor cnl]=0 A 
color cnt<6 
color_cnt++ 



color enaWe[cnl1=l & color cm <; g 



! 



^ Request^ dwu_diu_wreq=1 



Machine remains in same state by default 
Ait outputs are zero unless otherwise stated 

State Description: 

Idfe : Idle state wait for active request 

ColorSelect: Select the color to update before 
requesting to DIU 

Request: Request issued waft for acknowledge 

OataO: Data word 0 transfer 

Datal : Data word 1 transfer 

Data2: Data word 2 transfer 

Data3: Data word 3 transfer 



^ DataO ^ 



cfiu dwu wack=1 

buf_rd_en =1 



Q Datal j buf_rd_< 
Q Data2 ^ 



en =1 



.en =1 



Data3 



^ but.rd.en =1 

Figure 224. Interface controller state diagram 

The interface controller state machine waits in Idle state until an active request is indicated by the read 
pointer (via the req_octi\e signal). When an active request is received the machine proceeds to the Col- 
orSelect state to determine which buffers need a data transfer. In the ColorSelect state it cycles through 
each color and determines if the color is enabled (and consequently the buffer needs servicing), if enabled 
it jumps to the Request state, otherwise the color^cnt is incremented and the next color is checked. 

In the Request state the machine issues a write request to the DIU and waits in the Request state until the 
write request is acknowledged by the DIU (diu_dwu_wack). Once an acknowledge is received the state 
machine clocks through 4 cycles transferring 64-bit data words each cycle and incrementing the corre- 
sponding buffer read address. After transferring the data to the DIU the machine returns to the ColorSelect 
state to determine if further buffers need servicing. On the transition the controller indicates to the address 
generator (adr_update) to update the address for that selected colon 

If all colors are transferred (color_cnt equal to 6) the state machine returns to Idle, updating the last word 
flags (group Jin) and request logic (reqjupdate). 

The dwu_diu_wvalid signal is a delayed version of the buf_rd_en signal to allow for pipeline delays 
between data leaving the buffer and being clocked through to the DIU block. 

The state machine will return from any state to Idle if the reset or the dwu _go _jmlse is 1 . 
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30.7.7.3 Address generator 

The address generator block maintains 12 pointers (color _adr[l 1:0]) to DRAM corresponding to current 
write address in the dot line store for each half color When a DRAM transfer occurs the address pointer is 
used first and then updated for the next transfer for that color. The pointer used is selected by the req_sel 
bus, and the pointer update is initiated by the adrjupdate signal from the interface controller. 

The pointer update is dependent on the sense of the color of that pointer, the pointer position in a line and 
the line position in the FIFO. The programming of the color Jbase_adr needs to be adjusted depending of 
the sense of the colors. For increasing sense colors the color Jbase_adr specifies the address of the first 
word of first line of the fifo, whereas for decreasing sense colors the color Jbasejadr specifies the address 
of last word of the first line of the FIFO. 

For increasing colors, the initialization value (i.e. when dwu _go _jmlse is i) is the color _base_adr. For 
each word that is written to DRAM the pointer in incremented. If the word is the last word in a line (as 
indicated by last_wd from that read pointers) the pointer is also incremented. If the word is the last word in 
a line, and the line is the last line in the FIFO (indicated by fifo^end from the line counter) the pointer is 
reset to color Jbase_adr. 

In the case of decreasing sense colors, the initialization value (i.e. when dwu _go ^pulse is i) is the 
color_base_adr. For each line of decreasing sense color data the pointer starts at the line end and decre- 
ments to the line start. For each word that is written to DRAM the pointer is decremented. If the word is 
the last word in a line the pointer is incremented by color Jinejnc • 2 + 1. One line length to account for 
the line of data just written, and another line length for the next line to be written. If the word is the last 
word in a line, and the line is the last line in the FIFO the pointer is reset to the initialization value (i.e. 
color Jbase_adr), 

The address is calculated as follows: 

if (dwu_go_pulse == 1) then 

color_adr(ll:0) = color_base_adr (11 :0)(21 : 51 
elsif <adr_update «= 1) then { 

// determine the color 

color ■ req_sel(3:0) 

// line end and fifo wrap 

if ( <f ifo_end(color] «= 1) AND (last_wd 1)) then { 
// line end and fifo wrap 

co lor_adr (color] = color_base_adr (color)(21 :5] 
) 

'elsif ( last_wd == 1) then { 

// just a line end no fifo wrap 

if ( col or_line_sense (color % 2] == 1) then // increasing sense 

co lor_adr (color) ++ 
else // decreasing sense 

color_adr (color) * color^adr (color) + ( color_line inc * 2) -»■ 1 

> 

else { 

// regular word write 

if <color_line_sense (color % 2] == 1) then // increasing sense 

color_adr (color) ++ 
else // decreasing sense 

color_adr (color) -- 

) 

) 

// select the correct address, for this transfer 
dwu_diu_wadr = color_adr (requsel) 
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30.7.7.4 Line count 

The line counter logic counts the number of dot data lines stored in DRAM for each color. A separate 
pointer is maintained for each color. A line pointer is updated each time the final word of a line is trans- 
ferred to DRAM. This is determined by a combination of adr_update and lastjwd signals. The pointer to 
update is indicated by the reqjsel bus. 

When an update occurs to a pointer it is compared to zero, if it is non-zero the count is decremented, oth- 
erwise the counter is reset to color _Jifo_size. If a counter is zero the fifo^end signals is set high to indicates 
to the address generator block that the line is the last line of this colors fifo. 

If the dwu_go_puhe signal is one the counters are reset to color_fifo_size. 

if ( dwu_go_pulse == 1) then 

line_cnt(ll:0] » color_fifo_sizetll:0) 
elsif (<adr_update == 1) AND <last_wd « l) ) then { 

// determine the pointer to operate on 

color = req_sel[3;0J 

// update the pointer 

if (line_cntCcolorJ =■ 0) then 

line^cnt (color) - color__f if o.size (color} 

else 

line_cnt£i) -- 

) 

// count is zero its the last line of fifo 
for<i=0 ;i <12;i++){ 

fifo_endfi) = Uine_cnttiJ == 0) 

} 

30.7.7.5 Read Pointer 

The read pointer logic maintains the buffer read address pointers. The read pointer is used to determine 
which 64-bit words to read from the buffer for transfer to DRAM. 

The read pointer logic compares the read and write pointers of each D1U buffer to determine which buffers 
require data to be transferred to DRAM (pend{JJ;0J bus), and which buffers are full (the bufjull signal). 
Only enabled buffers are considered as indicated by the color jendble bus. 

Buffers are grouped into odd and even buffers groups. If an odd buffer requires DRAM access the 
odd^pend signals will be active, if an even buffer requires DRAM access the even_j>end signals will be 
active. If both odd and even buffers require DRAM access, the even buffers will get serviced first 

If any buffer requires a DRAM transfer, the logic will indicate to the interface controller via the req^octive 
signal, with the odd_even_ J sel signal determining which group of buffers get serviced. The interface con- 
troller will check the color ^enable signal and issue DRAM transfers for all enabled colors in a group. 
When the transfers are complete it tells the read pointer logic to update the requests pending via 
reqjupdate signal. 

The req_?el[3:0] signal tells the address generator which buffer is being serviced, it is constructed from 
the odd_even_pel signal and the color _cnt [2:0] bus from the interface controller. When data is being trans- 
ferred to DRAM the word pointer and read pointer for the corresponding buffer are updated. The req_?el 
determines which pointer should be incremented. 
// determine which buffers need updates 
for( i=0; i<12; i + + ) { 

// determine if request is active, filtered by color enable 

if { wr_adr(i] (3 :2J ! = rd_adr [i] [3 :2 J ) 
pendfi) = color_enable{ i / 2] 

else 

pendli] = 0 
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// determine if any enabled buffer is full 

if ((wr_adr[i] [3:0] - rd_adr { i) (3 : 0] ) > 7) AND (color_enable [ i / 2] 1)) then 
buf_full =1 

) 

// Odd half colors (1,3,5,7,9,11), even half colors (0,2,4,6,8,10) 
odd^pend = < pendUJ | pend[3J | pend[5) | pend(7] | pend[9J | pend[ll) ) 
even_pend = ( pend{0| | pend[2J | pend[4] | pend[6) j pend(8) | pend[10} ) 
// fixed servicing order, only update when controller dictates so 
if (req_update == 1) then { 

if (even^pend == 1) then // even always first 

odd_even_sel = 0 
req_active = 1 
els if (odd_pend 1 ) then // then check odd 

odd_even_sel = 0 
req_active « 1 
else // nothing active 

odd_even_sel = 0 
req_active = 0 

) 

// selected recfuestor 

req_sel[3:01 = {color_cnt[2 :0] , oddLeven_sel } // concatentation 

The read address pointer logic consists of 12 2-bit counters and a word select pointer. The pointers are 
reset when dwu_go_pulse is one. The word pointer (word _ptr) is common to all buffers and is used to read 
out the 64-bit words from the DIU buffer. It is incremented when buf_rd_en is active. If the word jytr is 3 
and thQ.buf_rd_en is active the selected read pointer {rd_ptr[req_sel]) will be incremented. A concatena- 
tion of the read pointer and the word pointer are use to construct the buffer read address. The read pointers 
are not reset at the end of each line. 
// determine which pointer to update 
if (dwu_go_pulse == 1) then 

rd_ptr(ll:OJ « 0 

worcUptr = 0 

els if (buf_rd_en == 1) then { 

word__ptr++ 

if <word_ptr == 3 ) then 
rdLptr [ re©L_sel ) 

> 

// create the address from the pointer, and word reader 
rdUadrtreoL.sel] = (rcLptr (reoL_sel) ,word_ptr) // concatenation 

The read pointer block determines if the word being read from the DIU buffers is the last word of a line. 
The buffer address generator indicate the last dot is being written into the buffers via the line Jin signal. 
When received the logic marks the 256-bit word in the buffers as the last word. When the last word is read 
from the DIU buffer and transferred to DRAM, the flag for that word is reflected to the address generator. 
// line end set the flags 
if ( dwu_go_pul se == 1) then 

last_flag[l :0] [1:0] =0 
elsif <line_fin == 1 ) then 

//'determines the current 256-bit word even been written to 

last_flag[0) [wr_adr[01{2] ] =1 // even group flag 

// determines the current 256 -bit word odd been written to 

last_flag(l] (wr_adr(l) [2] ] =1 // odd group flag 
// last word reflection to address generator 
last_wd = last_flag(odd_even_sel) ( rd^ptr [req_sel) (0) J 
// clear the flag 
if (group_f in == 1 ) then 

last_flag( odcL.even_.se 1 J [rd_ptr [re<i_sel] [0] ] - 0 

When a complete line has been written into the DIU buffers (but has not yet been transferred to DRAM), 
the buffer address generator block will pulse the line Jin signal. The DWU must wait until all enabled 
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buffers arc transferred to DRAM before signaling the LLU that a complete line is available in the dot line 

store (dwu_llu_line_wr signal). When the line Jin is received ail buffers will require transfer to DRAM. 

Due to the arbitration, the even group will get serviced first then the odd As a result the line finish pulse to 

the LLU is generated from the lastjftag of the odd group. 

// must be odd, odd group transfer complete and the last word 

dwu_llu_line_wr = odd_even__sel AND group_fin AND last_wd 
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31 Line Loader Unit (LLU) 

31.1 Overview 

The Line Loader Unit (LLU) reads dot data from the line buffers in DRAM and structures the data into 
even and odd dot channels destined for the same print time. The blocks of dot data are transferred to the 
PHI and then to the printhead. Figure 225 shows a high level data flow diagram of the LLU in context. 
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ORAM 
viaDIU 




LLU 


dot data ^ 
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dot data ^ 


^ control ^ 
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i 
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Figure 225. High level data flow diagram of LLU in context 



31 .2 Physical requirement imposed by the printhead 

The DWU re-orders dot data into 12 separate dot data line FIFOs in the DRAM. Each FIFO corresponds to 
6 colors of odd and even data. The LLU reads the dot data line FIFOs and sends the data to the printhead 
interface. The LLU decides when data should be read from the dot data line FIFOs to correspond with the 
time that the particular nozzle on the printhead is passing the current line. The interaction of the DWU and 
LLU with the dot line FIFOs compensates for the physical spread of nozzles firing over several lines at 
once. For further explanation see Section 30 Dotline Writer Unit (DWU) and Section 32 PrintHead Inter- 
face (PHI). Figure 226 shows the physical relationship of nozzle rows and the line time the LLU starts 
reading from the dot line store. 




Figure 226. Paper and printhead nozzles relationship (example with D^D^S) 
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Within each line of dot data the LLU is required to generate an even and odd dot data stream to the PHI 
block. Figure 227 shows the even and dot streams as they would map to an example bi-lithic printhead. 
The PHI block determines which stream should be directed to which printhead IC. 
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Figure 227. Printhead structure and dot generate order 



31 .3 Dot generate and transmit order 

The structure of the printhead ICs dictate the dot transmit order to each printhead IC. The LLU reads data 
from the dot line FIFO, generates an even and odd dot stream which is then re-ordered (in the PHI) into the 
transmit order for transfer to the printhead 

The DWU separates dot data into even and odd half lines for each color and stores them in DRAM. It can 
store odd or even dot data in increasing or decreasing order in DRAM. The order is programmable but for 
descriptive purposes assume even in increasing order and odd in decreasing order The dot order structure 
in DRAM is shown in Figure 219. 

The LLU contains 2 dot generator units. Each dot generator reads dot data from DRAM and generates a 
stream of odd or even dots. The dot order may be increasing or decreasing depending on how the DWU 
was programmed to write data to DRAM. An example of the even and odd dot data streams to DRAM is 
shown in Figure 228. In the example the odd dot generator is configured to produce odd dot data in 
decreasing order and the even dot generator produces dot data in increasing order. 

The PHI block accepts the even and odd dot data streams and reconstructs the streams into transmit order 
to the printhead 

The LLU line size refers to the page width in dots and not necessarily the printhead width. The page width 
is often the dot margin number of dots less than the printhead width. They can be the same size for full 
bleed printing. 
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Example: Line with 13624 dots, with 7:3 printhead 
Figure 228. Dot data generated and transmitted order 



31,4 LLU START-UP 

At the start of a page the LLU must wait for the dot line store in DRAM to fill to a configured level (given 
by FifoReadThreshold) before starting to read dot data. Once the LLU starts processing dot data for a page 
it must continue until the end of a page, the DWU (and other PEP blocks in the pipeline) must ensure there 
is always data in the dot line store for the LLU to read, otherwise the LLU will stall, causing the PHI to 
stall and potentially generate a print error. The FifoReadThreshold should be chosen to allow for data rate 
mismatches between the DWU write side and the LLU read side of the dot line FIFO. The LLU will not 
generate any dot data until FifoReadThreshold level in the dot line FIFO is reached. 

Once the FifoReadThreshold is reached the LLU begins page processing, the FifoReadThreshold is 
ignored from then on. 

When the LLU begins page processing it produces dot data for all colors (although some dot data color 
may be null data). The LLU compares the line count of the current page, when the line count exceeds the 
ColorRelLine configured value for a particular color the LLU will start reading from that colors FIFO in 
DRAM. For colors that have not exceeded the ColorRelLine value the LLU will generate null data (zero 
data) and not read from DRAM for that color. ColorRelLine [N] specifies the number of lines separating 
the N? 1 half color and the first half color to print on that page. 

For the example printhead shown in Figure 226, color 0 odd will start at line 0, the remaining colors will 
all have null data. Color 0 odd will continue with real data until line 5, when color 0 odd and even will 
contain real data the remaining colors will contain null data. At line 10, color 0 odd and even and color 1 
odd will contain real data, with remaining colors containing null data. Every 5 lines a new half color will 
contain real data and the remaining half colors null data until line 55, when all colors will contain real 
data. In the example ColorRelLine [0] ~5, ColorRelLine [1] =0, ColorRelLine [2] =15, ColorRelLine [3] 
=10.. etc. 
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| It is possible to turn off any one of the color planes of data (via the ColorEnable register), in such cases the 

LLU will generate zeroed dot data information to the PHI as normal but will not read data from the 
DRAM. 

31.4.1 LLU bandwidth requirements 

The LLU is required to generate data for feeding to the printhead interface, the rate required is dependent 
on the printhead construction and on the line rate configured: The maximum data rate the LLU can pro- 
duce is 12bits of dot data per cycle, but the PHI consumes at 1 2 bits per phiclk cycle (2/3 pc/* rate), i.e. 8 
bits per^ cycle. Therefore the DRAM bandwidth requirement for a double buffered LLU is 8 bits per 
cycle on average. If 1.5 buffering is used then the peak bandwidth requirement is doubled to 16 bits per 
cycle but the average remains at 8 bits per cycle. Note that while the LLU and PHI could produce data at 
the 8 bits per cycle rate, the DWU can only produce data at 6 bits per cycle rate. 
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31.5 Implementation 

31.5.1 LLU partition 
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Figure 229. LLU partition 



31.5.2 Definitions of I/O 

Table 156. LLU I/O definition 
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PHI Interface 



Doc: SoPEC_hardware_design S3 Proprietary Document 29 Nov 2002 

Version: 2.3 — Pa ge488 




SoPEC : Hardware Design 



Table 156. LLU I/O definition 







IIM 




«uj>hLdata[1:0][5:0] 


2x6 


Out 


Dot Data from LLU to the PHI, each bit is a color plane 5 downto 0. 
Bus 0 - Even dot data stream 
Bus 1 - Odd dot data stream 

Data is active when corresponding bit is active in llu _phi_avwi bus 


phijlu_ready[1 :0) 


2 


In 


Indicates that PHI is ready to accept data from the LLU 

0 - Even dot data stream 

1 - Odd dot data stream 


Uu_phLav8i1[1:0] 


2 


Out 


Indicates valid data present on corresponding Uu_phLdata. 

0 - Even dot data stream 

1 - Odd dot data stream 


OIU Interface 


llu_diu_rreq 


1 


Out 


LLU requests DRAM read. A read request must be accompanied 
by a valid read address. 


lfu_dSu_radrf21:5] 


17 


Out 


Read address to DiU 

17 bits wide (256-btt aligned word). 


diu_!iu_rack 


1 


In 


Acknowledge from DIU that read request has been accepted and 
new read address can be placed on Hu_diu_rudr 


diu_data{63:0] 


64 


In 


Data from DIU to LLU. Each access is 256-bits received over 4 
clock cycles 

First 64-bits is bits 63:0 of 256 bit word 
Second 64-bits is bits 1 27:64 of 256 bit word 
Third 64-bits is bits 191:128 of 256 bit word 
Fourth 64-bits is bits 255:1 92 of 256 bit word 


diu_Du_rvalId 




in 


Signal from DIU telling LLU that valid read data is on the diu_data 
bus 


DWU Interface 


dwujlujine_wr 




In 


DWU line write. Indicates that the DWU has completed a full line 
write. Active high 


llu_dwujine_rd 




Out 


LLU line read. Indicates that the LLU has compteted a fine read. 
Active high. 


dwujlu_cfitosize[1 1 :0]I7:0] 


12x8 


In 


Indicates the number of lines in the FIFO before the line increment 
wUl wrap around in memory. 


PCU Interface 


pcujlu_sel 




In 


Block select from the PCU. When pcu_llu_seJ is high both pcu_adr 
and pcu_dataout are valid. 


pcu_rwn 




in 


Common read/not-write signal from the PCU. 


pcu_adr[7.-2] 


6 


In 


PCU address bus. Only 6 bits are required to decode the address 
space for this block. 


pcu_dataout{31:0] 


32 


In 


Shared write data bus from the PCU. 


Hu_pcu_rdy 


1 


Out 


Ready signal to the PCU. When Uu_pcu_rdy\s high It indicates the 
last cycle of the access. For a write cycle this means pcu_dataout 
has been registered by the block and for a read cycle this means 
the data on llujpcujdata is valid. 


Wu_pcu_dataf31:0] 


32 


Out 


Read data bus to the PCU. 



31.5.3 Configuration registers 

The configuration registers in the LLU are programmed via the PCU interface. Refer to section 21.8.2 on 
page 257 for a description of the protocol and timing diagrams for reading and writing registers in the 
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LLU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
LLU. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) of llu^pcujdata. Table 1 57 lists the configuration registers in the LLU. 



Table 157. LLU registers description 




Control Registers 



0x00 


Reset 


1 


0x1 


Active low synchronous reset self de-activating. A 
write to this register wiD cause a LLU block reset 


0x04 


Go 


1 


0x0 


Active high bit indicating the LLU is programmed and 
ready to use. A low to high transition will cause LLU 
block internal states to reset 


Configuration 


0x08-0x38 


Cok>r8aseAdrpi:0] 


12x17 


0x0000 
0 


Specifies the base address (in words) in memory 
where data from a particular half color (N) will be 
placed. 


0x3C 


ColorEnaWe 


6 


0x3F 


Indicates whether a particular color is active or not. 
When inactive no data is written to ORAM for that 
color. 

0 - Color off 

1 - Color on 

One bit per color, bit 0 is Color 0 and so on. 


0x40 


UneSize 


16 


0x0000 


Indicates the number of dots per line. 


0x44 


RfoReadThreshold 


8 


0x00 


Specifies the number of lines thai should be in the 
FIFO before the LLU starts reading. 


0x48 - 0x78 


Co!orReHJne[11:0] 


12x8 


0x06 


Specifies the relative number of ines to wait from the 
first before starting to read dot data from the corre- 
sponding dot data FIFO 
Bus 0,1 - Even, Odd line color 0 
Bus 2,3 - Even, Odd line color 1 
Bus 4,5 - Even, Odd line color 2 
Bus 6,7 - Even, Odd line color 3 
Bus 8,9 - Even, Odd line color 4 
Bus 10,1 1 - Even, Odd line color 5 


Working Registers 


0x7C 


RfoFillLevel 


8 


0x00 


Number of lines in the dot line FIFO, line written in but 
not read out. (Read Only) 



/\ iow to rugn transition or tne Oo register causes the internal states of the LLU to be reset AU configura- 
tion registers will remain the same. The block indicates the transition to other blocks via the llu _go _puke 
signal. 

The CoIorLinelnc bus specifies the number of addresses (in 256-bit words) between successive half lines 
in the dot line store, is used to determine when a half line of data is read from DRAM. It is derived from 
the LineSize register by rounding up the nearest 256-bit value. The same value used for all half colors, 
if <line_size[7:0] !=0 ) then 

color_line_inc[7:0J = line_size£15 = 8 J * 1 
else 

color_line_inc(7:0) = line_size [IS : 8) ; 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
"~ Page 490 



SoPEC : Hardware Design 



31.5.4 Dot generator 




dot_avail 



— ► dot_data 



x6 



Figure 230. Dot generator RTL Diagram 

The dot generator block is responsible for reading dot data from the DIU buffers and sending the dot data 
in the correct order to the PHI block. The dot generator waits for llujen signal from the fifo fill level block, 
once active it starts reading data from the 6 DIU buffers and generating dot data for feeding to the PHI. 

In the LLU there are two instances of the dot generator, one generating odd data and the other generating 
even data. 

At any time the ready bit from the PHI could be de-asserted, if this happens the dot generator will stop 
generating data, and wait for the ready bit to be re-asserted 



31.5.4.1 Dot count 



In normal operation the dot counter will wait for the llu^en and the ready to be active before starting to 
count. The dot count will produce data as long as the phi_llu_ready is active. If the phijlu_ready signal 
goes low the count will be stalled 

The dot counter increments for each dot that is processed per line. It is used to determine the line finish 
position, and the bit select value for reading from the DIU buffers. The counter is reset after each line is 
processed {line Jin signal). It determines when a line is finished by comparing the dot count with the con- 
figured line size divided by 2 (note that odd numbers of dots will be rounded down). 

// define the line finish 

if <dot_cntU4:0] == line_size ( 1 5 : 1 ] ) then 

line_fin = 1 
else 

line_fin = 0 
// determine if word is valid 

do tractive = ( (llu__en « 1) AND (phi_llu_ready == 1) AND <buf_emp = = 0)) 
// counter logic 
if (llu_go_pulse == 1) then 
dot_cnt = 0 

elsif <<dot_active == 1) and (line_fin == 1)) then 

dot_cnt « o 
elsif (dot_active «= 1) then 

dot_cnt « dot_cnt + 1 
else 

dot_cnt = dot_cnt 
// calculate the word select bits 
bit_sel[S:0] := dot_cnt ( 5 : 0] 
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The dot generator also maintains a read buffer pointer which is incremented each time a 64-bit word is 
processed. The pointer is used to address the correct 64-bit dot data word within the DIU buffers. The 
pointer is reset when llu_go_pulse is I. Unlike the dot counter the read pointer is not reset each line but 
rounded up the nearest 256-bit word This allows for more efficient use of the DIU buffers at line finish. 

// read pointer logic 
if (llu__go_j>ulse « 1) then 
read_adr = 0 

elsif (( dot_active == I) AND (dot_cnt[5:0] = 63 ) ) then 

read_adr ++ // normal increment 

elsif (( dot_active =» 1) AND (line_fin -= 1 ) ) then ( 
// special end of line case 
if <dot_cnt(7:0] != 0) then 

read_adr[3:2J // end of line round up 

read_adrtl:0J = 0/ 



The LLU keeps a running total of the number of lines in the dot line store FIFO. Every time the DWU sig- 
nals a line end (dwujlujine^wr active pulse) it increments the fillleveL Conversely if the LLU detects a 
line end (line_rd pulse) the filllevel is decremented and the line read is signalled to the DWU via the 
Uu_dwujtine_rd signal. 

The LLU fill level block is used to determine when the dot line has enough data stored before the LLU 
should begin to start reading. The LLU at page start is disabled. It waits for the DWU to write lines to the 
dot line FIFO, and for the fill level to increase. The LLU remains disabled until the fill level has reached 
the programmed threshold (Jifo_read_thres). When the threshold is reached it signals the LLU to start pro- 
cessing the page by setting llujen high. Once the LLU has started processing dot data for a page it will not 
stop if the filllevel falls below the threshold 

The line fifo fill level can be read by the CPU via the PCU at any time by accessing the FifoFillLevel regis- 
ter. The CPU must toggle the Go register in the LLU for the block to be correctly initialized at page start 
and the fifo level reset to zero. 

if <llu_go_pulse « 1) then 
filllevel = 0 

elsif ( < linear d == 1) AND < dwu_l lu_l ine_wr ==1)) then 

// do nothing 
elsif <line_rd == 1) then 

filllevel — 
elsif { dwu_l 1 u_l i n e_wr == 1) then 

filllevel ++ 

// determine the threshold, and set the LLU going 
if (llu^jgo^pulse »«= 1) then 
llu_en = 0 

elsif (filllevel == f ifo_read_threshold ) then 



} 



31.5.5 Fifo fill level 



llu_en = 1 
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31.5.6 DIU interface 
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Figure 231. DIU interface 



31. 5. 6. f D/tf interface description 

The DIU interface block is responsible for deterniining when dot data needs to be read from DRAM, keep- 
ing the dot generators supplied with data and calculating the DRAM read address based on configured 
parameters, FIFO fill levels and position in a line. 

The fill level block enables DIU requests by activating Uu_en signal. The DIU interface controller then 
issues requests to the DIU for the LLU buffers to be filled with dot line data (or fill the LLU buffers with 
null data without requesting DRAM access, if required). 

At page start the DIU interface determines which buffers should be filled with null data and which should 
request DRAM access. New requests are issued until the dot line is completely read from DRAM. 
For each request to the DRAM the address generator calculates where in the DRAM the dot data should be 
read from. The color ^enable bus determines which colors are enabled, the interface never issues DRAM 
requests for disabled colors. 
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31.5.6.2 Interface controller 
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Figure 232. Interface controller state diagram 



The interface controller co-ordinates and issues requests for data transfers from DRAM. The state machine 
waits in Idle state until it is enabled by the LLU controller (llu_en) and a request for data transfer is 
received from the write pointer block. 

When an active request is received (req_active equals 1) the state machine jumps to the ColorSelect state 
to determine which colors {colorjznt) in the group need a data transfer. A group is defined as all odd col- 
ors or all even colors. If the color isn't enabled {color ^enable) the count just increments, and no data is 
transferred. If the color is enabled, the state machine takes one of two options, either a null data transfer or 
an actual data transfer from DRAM. A null data transfer writes zero data to the DIU buffer and does not 
issue a request to DRAM. 

The state machine determines if a null transfer is required by checking the color _start signal for that color. 

If a null transfer is required the state machine doesn't need to issue a request to the DIU and so jumps 
directly to the data transfer states {DataO to Data3). The machine clocks through the 4 states each time 
writing a null 64-bit data word to the buffer. Once complete the state machine returns to the ColorSelect 
state to determine if further transfers are required. 

If the color_start is active then a data transfer is required. The state machine jumps to the Request state 
and issue a request to the DIU controller for DRAM access by setting llu_diujrreq high. The DIU 
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responds by acknowledging the request (diujlu_rack equals 1) and then sending 4 64-bit words of data. 
The transition from Request to DataO state signals the address generator to update the address pointer 
(adr_update). The state machine clocks through DataO to Data3 states each time writing the 64-bit data 
into the buffer selected by the req^sel bus. Once complete the state machine returns to the ColorSelect 
state to determine if further transfers are required 

When in the ColorSelect state and all data transfers for colors in that group have been serviced (i.e. when 
color _cnt is 6) the state machine will return to the Idle state. On transition it will update the word counter 
logic (word_dec) and enabled the request logic (reqjupdate). 

A reset or llu_go_puhe set to 1 will cause the state machine to jump directly to Idle. The controller will 
remain in Idle state until it is enabled by the LLU controller via the llujsn signal. This prevents the DIU 
attempting the fill the DIU buffers before the dot line store FIFO has filled over its threshold level. 

31.5.6.3 Color activate 

The color activate logic m a in tai n s an absolute line count indicating the line number currently being pro- 
cessed by the LLU. The counter is reset when the llu_go_pulse is 1 and incremented each time a line_rd 
pulse is received. The count value (Jine_cni) is used to determine when to start reading data for a color. 

The count is implemented as follows: 
if ( llu_jgo_pulse == 1) then 

line_cnt = 0 
elsif < line_rd « 1) then 

1 ine_cnt «■+ 

The color activate logic compares line count with the relative line value to determine when the LLU 
should start reading data from DRAM for a particular half color. It signals the interface controller block 
which colors are active for this dot line in a page (via the color^stort bus). It is used by the interface con- 
troller to determine which DIU buffers require null data. 

Once the color_stort bit for a color is set it cannot be cleared in the normal page processing process. The 
bits must be reset by the CPU at the end of a page by transitioning the Go bit and causing a pulse on the 
llu_go_pulse signal. 

Any color not enabled by the color_enoble bus will never have its color _st art bit set. 

for (i=0; i<12;i++>{ 

if ( llu_go_pulse 1) then 

col_on[i] » 0 
elsif ( color_enable[i % 6] == 1 ) then 

col_on[i) * 0 
elsif { line_cnt « color_rel_line [ i ] > then 

col_on(i] ~ 1 

) 

// select either odd or even colors 

if ( odd_even_sel •= 1 ) then // odd selected 

color_s tart [5:0] = <col_on [ 11} , col_on [9 ] , col_on[7 J , col_on [ 5] , col_on{3 ] , col^on [1 } } 
else // even selected 

color_s tart (5:0] = <col_on (103 , col.on ( 8] , col_on[6] , col_on(4J . col_on [2] ,col_on{0]) 



31.5.6.4 Address generator 

The address generator block maintains 12 pointers [color _odr [11:0]) to DRAM corresponding to current 
read address in the dot line store for each half color. When a DRAM transfer occurs the address pointer is 
used first and then updated for the next transfer for the color. The pointer used is selected by the req_sel 
bus, and the pointer update is initiated by the odrjupdate signal from the interface controller. 
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The pointer update and pointer initialization is dependent on the pointer position in a line and the line posi- 
tion in the FIFO. 

When a ilu^go^pulse is received the pointers are each initialized to the corresponding base address for that 
color (colorJbase_adr). For each word that is read from DRAM the pointer is incremented If the word is 
the last word in a line (last_wd equals 1) and the last line in the fifo ififojznd equals 1) then the address 
pointer is re-initialized to the base address value. The pointer is incremented for all other words. 

The address is calculated as follows: 
// reset to base address 
if <llu_go__pulse == 1) then 

color_adr[ll:0] e color_base_adr[ll : 0][21 : 5] 
elsif < adr_update == 1) then 

if (req_sel == NULL ) then 
//do nothing 

elsif <<fifo_end == 1 ) AND <last_wd == 1)) then 

color_adr[req_sel] = color__base_adr [re<i_sel] (21 ;S] 

else 

color_adr[re<i_sel] // normal increment 

// select the address pointer 
llu_diu_radr » color__adr [req_sel ] 



31.5.6.5 Line pointer 

The line pointer logic counts the number of dot data lines read from DRAM for each color. The counter 
value is used to signal the fifo wrap point to the address generator logic. A separate counter is maintained 
for each colon 

The end of a line can be determined when the address is updated (adrjupdate equal 1) and the word trans- 
ferred is the last word of a line (last_wd equal 1). The line pointer that needs to be updated is selected by 
the req_sel bus from the write pointer block. If the selected pointer is zero the counter is reset to the corre- 
sponding color^fifo_$ize value, otherwise the counter is decremented. 

If the llu_go_pulse signal is high the counters are reset to its corresponding color Jifo^size value. When 
the counter is zero it sets the fifo_end bit to signal the address generator that the fifo has wrapped (to 
update the address pointer accordingly). 

if <llu_go_pulse « 1) then 

line_pt[ll:0] = color_f ifo_size ( 11 : 0] 
elsif <(adr_update «== 1) AND (last_wd == l)) then { 

if (line_pt [recj_sel] == 0) 

line_pt (req_sel) « color_f ifo_size(req_sel) 

else 

line_pttreq_sel] — 

> 

/ / select the correct line pointer for comparison 
fifo_end « (line_pt 1 line_pt) == 0) 

31.5.6.6 Write pointer 

The write pointer logic maintains the buffer write address pointers, determines when the DIU buffers need 
a data transfer and signals when the DIU buffers are empty. The write pointer determines the address in the 
DIU buffer that the data should be transferred to. 

The write pointer logic compares the read and write pointers of each DIU buffer to determine which buff- 
ers require data to be transferred from DRAM (pendflL OJ bus), and which buffers are empty (the 
buf_emp signals). Only enabled buffers are considered as indicated by the color_enable bus. 
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Buffers are grouped into odd and even buffers, if an odd buffer requires DRAM access the odd_pend sig- 
nals will be active, if an even buffer requires DRAM access the even j>end signals will be active If both 
odd and even buffer require DRAM access, the even buffers will get serviced first 

If any buffer requires a DRAM transfer, the logic will indicate to the interface controller via the req_active 
signal, with the odd_even_se! signal detenriining which group of buffers get serviced The interface con- 
troller will check the color_enable signal and issue DRAM transfers for all enabled colors in a group 
When the transfers are complete it tells the write pointer logic to update the request pending via 
reqjupdate signal. 

The req_sel[3:0] signal tells the address generator which buffer is being serviced, it is constructed from 
the odd_even_sel signal and the color _cnt[2:0] bus from the interface controller. When data is being trans- 
ferred to DRAM the word pointer and write pointer for the corresponding buffer are updated. The reqjsel 
determines which pointer should be incremented. 4 

The write pointer logic operates the same way regardless of whether the transfer is null or not. 

// determine which buffers need updates 
for( i»0; i<12; i++) { 

// determine if re<iuest is active, filtered by color enable 
if < wr_adrUH3:2? «= rd_adr { i ] [3 :2 ] ) 

pend(i] e i 
else 

pend [ i ] = 0 
// determine if any enabled buffer is empty 

if (<wr_adr[i] (3:0] rc*_adr li] (3 ;0] ) AND <color_enable [i / 2] 1)) then 
buf_emp[ i J = 1 

) 

// Odd half colors <1,3,5,7,9 # 11) , even half colors (0,2.4,6,8,10) 
odd_pend - ( pendflj | pend[3] | pend[5] | pend{7] | pend[9) | pend[ll] ) 
even_pend = ( pend{0) | pend(2] | pendU) | pend{6) | pend[8] | pendCIO] > 
// fixed servicing order, only update when controller dictates so 
if (req_update oc l) then { 

if (even_pend 1) then // even always first 

odd_e ven_ s e 1 = 0 

re<i_active = 1 
elsif (oda_jC*snd 1 ) then // then check odd 

odd_even_ael = 0 

rec_active = 1 

else // nothing active 

odd_even_sel - 0 
re<i_active = 0 

> 

// selected requestor 

req_sel{3;0] = <color_cnt [2 : 0J ,odd__even_sel> // concatenation 

The write address pointer logic consists of 12 2-bit counters and a word select pointer. The counters are 
reset when llu_go_pulse is one. The word pointer (word_ptr) is common to all buffers and is used to write 
64-bit words into the DIU buffer. It is incremented when buf_rd_en is active. If the word _ptr is 3 and the 
buf_rd_en is active the selected write pointer (wr^ptr [reqjsel]) will be incremented. A concatenation of 
the write pointer and the word pointer are use to construct the buffer write address. The write pointers are 
not reset at the end of each line. 

// determine which pointer to update 
if (buf_wr_en =* 1) then ( 

wr_adr f r eq_a e 1 ] 

wr_en[req_selj - 1 

) 
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// determine which pointer to update 
if (llu_go_pulse == 1) then 

wr_ptr[ll:0) «= 0 

word_ptr - 0 
elsif (buf_rd_en == l) then { 

word_ptr+ ♦ 

if <word_j>tr ==* 3 ) then 
wr_p t r [ r eo^se 1 J ♦ + 

) 

// create the address from the write pointer and word pointer 
wr.adrt req_sel ) = {wr_ptr frep^sel] ,word_j>tr) // concatenation 



31.5.6.7 Word count 



The word count logic maintains 2 counters to track the number of words transferred from DRAM per line 
?£TT* , r °^ ***** COUntCT f ° r ^ ° n recci P t of a Ux-go^pulse, the counters are initial 

™ a£ C °l° rJ Z e C lnC l ^ W i nUmber ° f WOrds pcr ^ a group of words are transferred to 

£™ *? ? I 5f tel by ™ rd - dec fr ° m *e ^erface controller, the corresponding counter is 

vS^SSL ^odo^r t0 m ^ indiCatCd by ^ froTthe Jrite pointer 

When a counter is zero the last ed signal for that group (i.e. odd or even) is set. The last W signal indi- 
cates to the address generator that the next word transferred from DRAM for the corresponding color is the 
last word m the line. When the last word actually gets transferred the interface controller will pulse the 
word_dec signal causing the corresponding word count to reset to the color Jinejnc value. 

// determine which counter to decrement 
if (llu_^o_pulse == l) then 

word_cnt[0] = color_line_inc // odd count 
word_cnt[l] = color_line_inc // even count 



if rr^rl 1 " need t0 d ^rement one word counter 

if <word_cnttodd_even_eel] == 0) then // line finish 

word_cnt [odd_even_sel ] = color_line_inc 
else 



elsif (word_dec ==* l) then ( 
(word_cnt (odd_even_sel 
word_cnt [odd_even_sel ] 
se 

word^cnt [odd_even_sel ] 

) 

// select the correct the last_wd 
last_wd = (word^cnt (odcL«ven_sel ] »» 0) 

The word count logic also detennines when a complete line has been read from DRAM, it then signals the 
fifo fil level logic m both the LLU and DWU (via line_rd signal) that a complete line has been read by the 

if line finish logic 

if (llu_go_pulse == 1) then 

line_f in « 0 

line_rd - 0 

elsif ((lasted «= l) AND (line_fin 0) AND (word.dec « 1 > > then 
lxne_fxn =1 // first group lafit wd finish pulse 

1 me_rd =0 

elsif ((last.wd «« 1) AND <line_fin == l, AND (word_dec == 1 )) then 
line_fin - 0 // second group last_wd finish pulse 

l ine_rd ~ i 

else 

line_fin = line_fin // st ay the same 

line_rd = o 
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32 PrintHead Interface (PHI) 

32.1 Overview 

The Printhead interface (PHI) accepts dot data from the LLU and transmits the dot data to the printhead, 
using the printhead interface mechanism, the PHI generates the control and timing signals necessary to 
load and drive the bi-lithic printhead The CPU determines the line update rate to the printhead and adjusts 
the line sync frequency to produce the maximum print speed to account for the printhead IC's size ratio 
and inherent latencies in the syncing system across multiple SoPECs. 

The PHI also needs to consider the order in which dot data is Loaded in the printhead. This is dependent on 
the construction of the printhead and the relative sizes of printhead ICs used to create the printhead. See 
Bi-lithic Printhead Reference document for a complete description of printhead types [10]. 

The printing process is a real-time process. Once the printing process has started, the next Printline's data 
must be transferred to the printhead before the next line sync pulse is received by the printhead Otherwise 
the printing process will terrninate with a buffer underrun error. 

The PHI can be configured to drive a single printhead IC with or without synchronization to other 
SoPECs. For example the PHI could drive a single IC printhead (i.e. a printhead constucted with one IC 
only), or dual IC printhead with one SoPEC device driving each printhead IC. 

The PHI interface provides a mechanism for the CPU to directly control the PHI interface pins, allowing 
the CPU to access me bi-lithic printhead to: 

• determine printhead temperature 

• test for and determine dead nozzles for each printhead IC 

• initialize each printhead IC 

• pre-heat each printhead IC 

Figure 233 shows a high level data flow diagram of the PHI in context. 
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Figure 233. High level data flow diagram of PHI in context 
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32.2 Printhead modes of operation 



The printhead has 4 different modes of operations (although some modes are re-used). The mode of oper- 
ation ts defined by the state of the output pins phijsyncl and phi_readl. As both printhead ICs are driven 
by the same signals both printhead ICs must be in the same mode of operation. The modes of operation are 
defined in Table 158. 



Table 158. Printhead modes of operation 





mm. 


illl 




NORMAL 


1 


1 


N/A 


Normal print mode, dot data Is clocked Into the print- 


DOTJ.OAD/ 
FIREJNIT 


1 


0 


phLfrcitc=0 


Dot Load Mode, data stored In the dot shift register is 
transferred into the dot latch on the falling edge of 
phijsynd, and latched In on the rising edge ot 
phijsyncl 








pN_srdk=\ 


Fire load mode. Parameter tor generating fire pattern 
are loaded into generator, data on phi_ph_data[1:0][0] 
is clocked into the generator on each rising edge of 
phijrdk 


TEST_MODE 


0 


0 


pfti_frctk=0 


Dot Load Mode, data stored in the dot shift register is 
transferred into the dot register on the rising edge of 
phijsyncl, identical to DOT_LOAD 








phLsrdk=0 


The printhead is In test mode, the temperature delta 
sigma is clocked out of the printhead on the rising of 
frclk through phi_ph__data[1:0][1] 
The result of the nozzle test Is clocked out of the print- 
head through phi _ph_data[1:0][0J 


RREJ3EN 


0 


1 


N/A 


The nozzle test circuit is reset 

CMOS testing mode, the dot shift register is scanned 

out of the printhead on the falling edge of phLsrdk. 

Data is output on phi _ph„data[1:0][1:0] 

The initialised generator creates the fire pattern and 

shift select pattern, and the pattern is clocked into the 

fire shift register and select shift register on the rising 

edge of phi_frdk 



32.3 Data rate equalization 



The LLU can generate dot data at the rate of 1 2 bits per cycle, where a cycle is at the system clock fre- 
quency. In order to achieve the target print rate of 30 sheets per minute, the printhead needs to print a line 
every lOOus (calculated from 300mm @ 65.2 dots/mm divided by 2 seconds — 100 usee) For a 7 3 con- 
structed printhead this means that 9744 cycles at 106Mhz is quick enough to transfer the dot data. The 
input FIFOs are used to de-couple the read and write clock domains as well as provide for differences 
between consume and fill rates of the PHI and LLU. 

Nominally the system clock (pclk) is run at 160Mhz and the printhead interface clock (phiclk) is at 
lOoMhz. 

If the PHI was to transfer data at the full printhead interface rate, the transfer of data to the shorter print- 
head IC would be completed sooner than the longer printhead IC. While in itself this isn't an issue it 
requires that the LLU be able to supply data at the maximum rate for short duration, this requires uneven 
bursty access to DRAM which is undesirable. To smooth the LLU DRAM access requirements over time 
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the PHI transfers dot data to the printhead at a pre-programmed rate, proportional to the ratio of the shorter 
to longer printhead ICs. 



Without Rate equalization (7:3 head) 

h 



100 usee 



phijsyncl JJ~ 



phi_ph_data(0JI1:OJ 
pW_ph_data(1][1^] 



i 



u 





phi_s/clk(01 is 









£3 



phLsrclk(13 



With Rate equalization (7:3 head) 
phijsyncl jj ~~~~ 



phLph_data[0]p:0]- 
phij>h_data[1H1:0] 

phi_srclk[0] 
phi_srdk[1j" 



1 



_□ 



Figure 235. Printhead data rate equalization 

The printhead data rate equalization is controlled by PrintHeadRatefl :0] registers (one per printhead IC). 
The register is a 16 bit bitmap of active clock cycles in a 16 clock cycle window. For example if the regis- 
ter is set to OxFFFF then the output rate to the printhead will be full rate, if it's set to OxFOFO then the out- 
put rate is 50% where there is 4 active cycles followed by 4 inactive cycles and so on. If the register was 
set to 0x0000 the rate would be 0%. The relative data transfer rate of the printhead can be varied from 0- 
100% with a granularity of 1/1 6 steps. 

Table 159. Example rate equalization values for common printheads 



IHHM 




8:2 


OxFFFF (100%) 


0x1111 (25%) 


7:3 


OxFFFF (100%) 


0x5551 (43.7%) 


6:4 


OxFFFF (100%) 


0xFIF2(68.7%) 


5:5 


OxFFFF (100%) 


OxFFFF (100%) 



If both printhead ICs are the same size (e.g. a 5:5 printhead) it may be desirable to reduce the data rate to 
both printhead ICs, to reduce the read bandwidth from the DRAM. 



Doc: SoPEC_hardware_design S3 Proprietary Document 29 Nov 2002 

Version: 2.3 — Page 501 



SoPEC : Hardware Design 



32.4 Dot generate and transmit order 

Several printhead types and arrangements exists (see Section 35 Memjet Printhead) . The PHI is capable of 
driving all possible configurations, but for the purposes of simplicity only one arrangement (arrangement 0 
- see Section 35 Memjet Printhead) is described in the following examples. 



Dot Transmit 
Order ~ 



Qi O O O - 



■O O O Q Q Q O O ' 

m-6 m-4 m-\ lift m+2 nrM 

"Q O O & O O O C 



O O Q O' 



■O O O O 



m-5 mO m-l 



in 1 1 ta+3 



d-6 n-4 n-2 



■o o o c 



n-5 D-3 o*l 



Type 0 printhead IC 



Type 1 printhead IC 
Paper 



5 Unes 



Paper 
Direction 



M - Midway point in dots 
N - Number of dots In a line 



Note: Paper passing under printhead 



Figure 236. Printhead structure and dot generate order 



The structure of the printhead ICs dictate the dot transmit order to each printhead IC. The PHI accepts two 
streams of dot data from the LLU, one even stream the other odd The PHI constructs the dot transmit 
order streams from the dot generate order received from the LLU. Each stream of data has already been 
arranged in increasing or decreasing dot order sense by the DWU. The exact sense choice is dependent on 
the type of printhead ICs used to construct the printhead, but regardless of configuration the odd and even 
stream should be of opposing sense. 

The dot transmit order is shown in Figure 236. Dot data is shifted into the printhead in the direction of the 
arrow, so from the diagram (taking the type 0 printhead IC) even dot data is transferred in increasing order 
to the mid point first (0, 2, 4, .... m-6, m-4, m-2), then odd dot data in decreasing order is transferred (m-l, 
m-3, m-5,...., 5, 3, 1). For the type 1 printhead IC the order is reversed, with odd dots in increasing order 
transmitted first, followed by even dot data in decreasing order. Note for any given color the odd and even 
dot data transferred to the printhead ICs are from different dot lines, in the example in the diagram they are 
separated by 5 dot lines. Table 160 shows the transmit dot order for some common A4 printheads. Differ- 
ent type printheads may have the sense reversed and may have an odd before even transmit order or vice 
versa. 



Table 160. Example printhead ICs, and dot data transmit order for A4 (1 3824 dots) page 



nsna 






Type 0 Printhead IC 


8 


11160 


0.2,4,6 ^574,5576,5578 


5579,5577,5575 .7,5,3,1 


7 


9744 


0,2,4 ,8 4866 ,4868,4870 


4871 ,4869,4867 7,5.3, 1 


6 


8328 


0,2,4,8 ,4158,4160,4162 


4163.4161,4159 7,5,3,1 


5 


6912 


0,2,4,8 ,3450,3452,3454 


3455.3453,3451 7,5,3.1 


4 


5496 


0.2,4,8 .2742.2744,2746 


2847.2845,2843 7.5.3,1 


3 


4080 


0.2,4,8 ,2034.2036,2038 


2039,2037,2035 7,5,3,1 
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Table 160. Example prlnthead ICs, and dot data transmit order for A4 (13824 dots) page 



[fifSl 




WW 

lata* i .*$to£_5tO ) , r J* ItlL±S. 




hubs 




2 


| 2664 


I 0,2,4,8 1326,1328,1330 


1331,1329.1327.. 


-.7,5,3,1 


Typei 


Prlnthead IC 


8 


11160 


13823,13821.13819.... 


...1337.1335,1333 


1332.1334,1336.. 


.,..13818,13820.13822 


7 


9744 


13823,13821.13819.... 


..2045,2043.2041 


2040,2042,2044.. 


....13818,13820,13822 


6 


8328 


13823.13821.13819.... 


.,2853.2851.2849 


2848,2850,2852.. 


....13818,13820.13822 


5 


6912 


13823,13821.13819.... 


..3461,3459.3457 


3456,3458,3460.. 


....13818,13820.13822 


4 


5496 


13823,13821,13819.... 


-.4169.4167,4165 


4164,4166.4168... 


....13818,13820,13822 


3 


4080 


13823.13821,13819.... 


.,4877.4875,4873 


4872,4874,4876.. 


....13818,13820,13822 


2 


2664 


13823,13821.13819 


..5585.5583.5581 


5580,5582,5584... 


....13818.13820,13822 



32.4.1 Dual Prlnthead IC 

Generate dot order (from the LLU) 

Odd Dot stream 
Even Dot stream 




69 12 clock cycles 

Mid 
Point 



Transmit dot order(to the printhead) 



Printhead Channel A 



Printhead Channel B 



48 7 2 dock cydes 



-X- 



1KW dock cycles 



Even dots from Line Y 
Odd dots from LineY-5 



9744 dock cycles 



Example: Line with 13824 dots, with 7:3 prlnthead 
Figure 237. Dot data generated and transmitted order 



The LLU contains 2 dot generator units. Each dot generator reads dot data from DRAM and generates a 
stream of dots in increasing or decreasing order. A dot generator can be configured to produce odd or even 
dot data streams, and the dot sense is also configurable. In Figure 237 the odd dot generator is configured 
to produce odd dot data in decreasing order and the even dot generator produces dot data in increasing 
order. 

In order to reconstruct the dot data streams from the generate order to the transmit order, the connection 
between the generators and transmitters needs to be switched at the mid point At line start the odd dot 
generator feeds the type 1 printhead, and the even dot generator feeds the type 0 printhead. This continues 
until both printheads have received half the number of dots they require (defined as the mid point). The 
mid point is calculated from the configured printhead size registers (PrintHeadSize). Once both printheads 
have reached the mid point, the PHI switches the connections between the dot generators and the print- 
head, so now the odd dot generator feeds the type 0 printhead and the even dot generator feeds the type 1 
printhead. This continues until the end of the line. 
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It is possible that both printheads will not be the same size and as a result one dot generator may reach the 
mid point before the other. In such cases the quicker dot generator is stalled until both dot generators reach 
the mid point, the connections are switched and both dot generators are restarted 

Note that in the example shown in Figure 237 the dot generators could generate an A4 line of data in 6912 
cycles, but because of the mismatch in the printhead IC sizes the transmit time takes 9744 cycles. 

I 32.4.2 Single printhead IC 

In some cases only one printhead IC may be connected to the PHI. In Figure 238 the dot generate and 
| transmit order is shown for a single IC printhead of 9744 dots width. While the example shows the print- 

head IC connected to channel A, either channel could be used. The LLU generates odd and even dot 
streams as normal, it has no knowledge of the physical printhead configuration. The PHI is configured 
| with the printhead size (PrintHeadSizefJJ register) for channel B set to zero and channel A is set to 9744. 

Generate dot order (from the LLU) 



Odd Dot stream 



Even Dot stream 



4872 clock cycles 



Transmit dot order(to the printhead) 



Mid 
Point 



Printhead Channel B 













4872 dock cycles 
< 




4872 clock cycles 


w 




9744 dock cycles 




► 



Even dots from Line Y 

Odd dots from Une Y-5 Example: Una with 9744 dots, with 7:0 printhead 

Figure 238. Dot data generated and transmitted order (single printhead case) 

Note that in the example shown in Figure 238 the dot generators could generate an 7 inch line of data in 
4872 cycles, but because the printhead is using one IC, the transmit time takes 9744 cycles, the same speed 
as an A4 line with a 7:3 printhead 

32.4.3 Summary of generate and transmit order requirements 

In order to support all the possible printhead arrangements, the PHI (in conjuction with the LLU/DWU) 
must be capable of re-ordering the bits according to the following criteria: 

• Be able to output the even or odd plane first 

• Be able to output even and odd planes independently 

• Be able to reverse the sequence in which the color planes of a single dot are output to the printhead. 
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32.5 Print sequence 

The PHI is responsible for accepting dot data streams from the LLU, restructuring the dot data sequence 
and transferring the dot data to each printhead within a line time (i.e before the next line sync). 

Before a page can be printed the printhead ICs must be initialized. The exact initialization sequence is con- 
figuration dependent, but will involve the fire pattern generation initialization and other optional steps. The 
initialization sequence is implemented in software. 

Once the first line of data has been transferred to the printhead, the PHI will interrupt the CPU by asserting 
the phi_icu_print_rdy signal. The interrupt can be optionally masked in the ICU and the CPU can poll the 
signal via the PCU or the ICU. The CPU must wait for a print ready signal in all printing SoPECs before 
starting printing. 

Once the CPU in the PrintMaster SoPEC is satisfied that printing should start, it triggers the LineSync- 
Master SoPEC by writing to the PrintStart register of all printing SoPECs. The transition of the PrintStart 
register in the LineSyncMaster SoPEC will trigger the start of Isyncl pulse generation. The PrintMaster 
and LineSyncMaster SoPEC are not necessarily the same device, but often are the same. For a more in 
depth definition see section 12.3 Multi-SoPEC systems on page 104. 

Writing to the PrintStart register generates a pulse which is used to generate the line sync in the LineSyn- 
cMaster which is in turn used to align all SoPECs in a multi-SoPEC system. All printhead signaling is 
aligned to the line sync. The PrintStart is only used to align the first line sync in a page. 

When a SoPEC receives a line sync pulse it means that the line previously transferred to the printhead is 
now printing, so the PHI can begin to transfer the next line of data to the printhead. When the transfer is 
complete the PHI will wait for the next line sync pulse before repeating the cycle. If a line sync arrives 
before a complete line is transferred to the printhead (i.e. a buffer error) the PHI generates a buffer under- 
run interrupt, and halts the block. 

For each line in a page the PHI must transfer a full line of data to the printhead before the next line sync is 
generated or received. 

32.5.1 Sync pulse control 

If the PHI is configured as the LineSyncMaster SoPEC it will start generating line sync signals LsyncPre 
number oiphiclk cycles after PrintStart register rising transition is detected. All other signals in the PHI 
interface are referenced from the falling edge of phijsyncl signal. 

If the SoPEC is in line sync slave mode it will receive a line sync pulse from the LineSyncMaster SoPEC 
through the phijsyncl pin which will be programmed into input mode. The phijsyncl input pin is treated 
as an asynchronous input and is passed through a de-glitch circuit of programmable de-glitch duration 
(LsyncDeglitchCnf). 

The phijsyncl will remain low for LsyncLow cycles, and then high for LsyncHigh cycles. The phijsyncl 
profile is repeated until the page is complete. The period of the phijsyncl is given by LsyncLow + Lsyn- 
cHigh cycles. Note that the LsyncPre value is only used to vary the time between the generation of the first 
phijsyncl and the PageStart indication from the CPU. See Figure 239 for reference diagram. 

If the SoPEC device is in line sync slave mode, the LsyncMinPeriod register specifies the minimum 
allowed phijsyncl period Anyphijsyncl pulses received before the LsyncMinPeriod has expired will 
trigger a buffer underrun error. 

32.5.2 Shift register signal control 

Once the PHI receives the line sync pulse, the sequence of data transfer to the printhead begins. All PHI 
control signals are specified from the falling edge of the line sync. 
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The phi_srclk (and consequently phi_ph_data) is controlled by the SrclkPre, SrclkPost registers. The 
SrclkPre specifies the number of phiclk cycles to wait before beginning to transfer data to the printhead. 
Once data transfer has started, the profile of the phi_srclk is controlled by PrintHeadRate register and the 
status of the PHI input FIFO. For example it is possible that the input FIFO could empty and no data 
would be transferred to the printhead while the PHI was waiting. After all the data for a printhead is trans- 
ferred to the PHI, it counts SrclkPost number of phiclk cycles. If a new phijsyncl falling edge arrives 
before the count is complete the PHI will generate a buffer underrun interrupt {phijcujunderrun). 



32.5.3 Firing sequence signal control 

The profile of the phijrclk pulses per line is determined by 4 registers FrclkPre, FrclkLow, FrclkHigh, 
FrclkNum. The FrclkPre register specifies the number of cycles between line sync tailing edge and the 
phijrclk pulse high- It remains high for FrclkHigh cycles and then low for FrclkLow cycles. The number 
of pulses generated per line is determined by FrclkNum register. 

The phi^prqfile pin is specified in a similar manner by the ProfilePre, ProfileLow, ProfileHigh, PrqfileNum 
registers. 

The phijrclk period and the phijprofile period should be programmed the same, so FrclkHigh + FrclkLow 
should equal the ProfileHigh + ProfileLow, and the number of cycles for each in a line time should also be 
equal i.e. FrclkNum = PrqfileNum. 

The total number of cycles required to complete a firing sequence should be less than the phijsyncl period 
i.e. ({ProfileHigh + ProfileLow) * ProfileNum)+ ProfilePre < (LsyncLow + LsyncHigh). 
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Figure 239. Printhead interface timing parameters 



Figure 239 details the timing parameters controlling the PHI. All timing parameters are measured in num- 
ber of phiclk cycles. 



32.5.4 Page complete 



The PHI counts the number of lines processed through the interface. The line count is initialised to the 
PageLenLine and decrements each time a line is processed. When the line count is zero it pulses the 
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phiJcujpageJmUh signal. A pulse on the phijcu^pagejinish automatically resets the PHI Go register, 
and can optionally cause an interrupt to the CPU. Should the page terminate abnormally, i.e. a buffer 
underrun, the Go register will be reset and an interrupt generated. 



The PHI will generate an interrupt to the CPU after a predefined number of line syncs have occured. The 
number of line syncs to count is configured by the LineSyncInterrupt register. The interrupt can be dis- 
abled by setting the register to zero. 



The PHI block allows the generation of margins either side of the received page from the LLU block. This 
allows the page width used within PEP blocks to differ from the physical printhead size. 

This allows SoPEC to store data for a page minus the margins, resulting in less storage requirements in the 
shared DRAM and reduced memory bandwidth requirements. The difference between the dot data line 
size and the line length generated by the PHI is the dot line margin length. There are two margins specified 
for any sheet, a margin per printhead IC side. 

The margin value is set by programming the DotMargin register per printhead IC. It should be noted that 
the DotMargin register represents half the width of the actual margin (either left or right margin depending 
on paper flow direction). For example, if the margin in dots is 1 inch (1600 dots), then DotMargin should 
be set to 800. The reason for this is that the PHI only supports margin creation cases 1 and 3 described 
below. 



32.5.5 Line sync interrupt 



32.6 



Dot line margin 
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See example in Figure 240. 
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Figure 240. Printhead timing with margining 



In the example the margin for the type 0 printhead IC is set at 100 dots (DotMargin=100), implying an 
actual margin of 200 dots. 

If case one is used the PHI takes a total of 9744 phi_srelk cycles to load the dot data into the type 0 print- 
head It also requires 9744 dots of data from the LLU which in turn gets read from the DRAM. In this case 
the first 100 and last 100 dots would be zero but are processed though the SoPEC system consuming mem- 
ory and DRAM bandwidth at each step. 

In case 2 the LLU no longer generates the margin dots, the PHI generates the zeroed out dots for the mar- 
gining. Tb&phi_srclk still needs to toggle 9744 times per line, although the LLU only needs to generate 
9544 dots giving the reduction in DRAM storage and associated bandwidth. The case 2 senario is not sup- 
ported by the PHI because the same effect can be supported by means of case 1 and case 3. 

If case 3 is used the benefits of case 2 are achieved, but the phi^srclk no longer needs to toggle the full 
9744 clock cycles. The phi^rclk cycles count can be reduced by the margin amount (in this case 9744- 
100=9644 dots), and due to the reduction in phi_srclk cycles the phijsyncl period could also be reduced, 
increasing the line processing rate and consequently increasing print speed. Case 3 works by shifting the 
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odd (or even) dots of a margin from line Y to become the even (or odd) dots of the margin Y-4, (Y-5 
adjusted due to being printed one line later). This works for all lines with the exception of the first line 
where there has been no previous line to generate the zeroed out margin. This situation is handled by add- 
ing the line reset sequence to the printhead initialization procedure, and is repeated between pages of a 
document See section 32.8.3 on page 512. 

32 J Dot counter 

For each color the PHI keeps a dot usage count for each of the color planes (called AccumDotCount). If a 
dot is used in particular color plane the corresponding counter is incremented. Each counter is 32 bits wide 
and saturates if not reset. A write to the DotCountSnap register causes the AccumDotCount[N] values to 
be transferred to the DotCount[N] registers (where N is 5 to 0, one per color). The AccumDotCount regis- 
ters are cleared on value transfer. 

The DotCountfN] registers can be written to or read from by the CPU at any time. On reset the counters 
are reset to zero. 

The dot counter only count dots that are passed from the LLU through ther PHI to the printhead. Any dots 
generated by direct CPU control of the PHI pins will not be counted. 

32.8 CPU IO CONTROL 

The PHI interface provides a mechanism for the CPU to directly control the PHI interface pins, allowing 
the CPU to access the bi-lithic printhead: 

• Determine printhead temperature 

• Test for and determine dead nozzles for each printhead IC 

• Printhead IC initialization 

• Printhead pre-heat function 

The CPU can gain direct control of the printhead interface connections by setting the PrintHeadCpuCtrl 
register to one. Once enabled the printhead bits are driven directly by the PrintHeadCpuOut control regis- 
ter, where the values in the register are reflected directly on the printhead pins and the status of the print- 
head input pins can be read directly from the PrintHeadCpuIn. The direction of pins is controlled by 
programming PrintHeadCpuDir register. The register to pin mapping is as follows: 



Table 161. CPU control and status registers mapping to printhead Interface 
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Mi 


fin 
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PrintHeadCpuOut 


1:0 


phi_ph_data_o(0][1 :0] 






3:2 


phLph_data_o[1j[1:0] 
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phUsynd_o 
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phi.readl 




7:6 


phLsrclk[1:0] 
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pMJrcfk 
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phi_profile 
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Table 161. CPU control and status registers mapping to prfnthead Interface 



PrintHeadCpuDIr 


1:0 


phi_ph_data_e[0][1:O] direction control. 
1 - output mode 
0- input mode 


3:2 


phLph_oata_e[1]{1;0] direction control 
1 - output mode 
0 - input mode 


4 


phUsyncLe direction control 
1 - output mode 
0 - input mode 


PrintHeadCpuIn 


120 


phLph_dataJ[01[l:0) 


3:2 


phLph_data_i[1]|1:0] 


4 


phijsynclj 



It is important to note that once in PrintHeadCpuCtrl mode it is the responsibility of the CPU to drive the 
printhead correctly and not create situations where the printhead could be destroyed such as activating all 
nozzles together. 

Note the following procedures are based on current printhead capabilities, and are subject to change. 

32.8.1 Dead nozzle information capture 

The CPU (via the direct printhead control mechanism) has the capability of testing each of the nozzles in 
the printhead and deterniining which nozzles are dead, the resultant dead nozzle information is processed 
by the CPU to generate the dead nozzle table used by the DNC. 

32. 8. 1 . 1 Nozzle test procedure 

The nozzle test software must first initialize the fire pattern generator for each printhead IC as normal, then 
it must initialize the fire pattern register as normal. The fire pattern generator parameters must be chosen 
so as to create a fire pattern where only one nozzle is firing at a time. 

For example if the printhead is constructed with a 7:3 configuration where the left printhead is 7 inches 
and the right 3 inches. The fire pattern length is equal to the number of dots in a half line (NLEN=n- 
1 .where n = 9744 / 2 = 4872), the COUNT=l and B=0. The fire generator in the printhead needs to be ini- 
tialized with NLEN=4871, COUNT- 1, B=0. See Section 32.8.4 for exact details on how to program the 
fire pattern generator. 

Once the generator is setup the nozzle test software puts the printhead into FIRE_GEN mode and the fire 
pattern is loaded into the fire shift registers. 

The next step is to load the dot data shift registers with a test pattern. Any test pattern could be used it 
should be chosen so as to allow only one color to fire at a time. Once the printhead shift registers are ini- 
tialized the software can begin the nozzle test sequence. 

The printhead is put in FIRE_GEN mode which resets the test circuit, both phijrclk and phijrclk are held 
inactive. After a pre-determined time the printhead is put in TEST_MODE where the nozzle is tested. 

The test software toggles phi^profile output pin and then samples the test result on the phijph_data pin. 
The test software then generates one phijrclk pulse to advance the fire pattern and repeats the profile 
pulse and test result capture as before. This procedure is repeated for all dots in the half dot line. Once the 
test result for a particular dot line is complete the whole procedure is repeated 12 times once for each half 
dot line. 
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The dead nozzle software collates all the nozzles test results and produces the dead nozzle table for use by 
theDNC. 
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Figure 241. Nozzle Test Modes & Setup 



32.8.2 Temperature capture 



Occasionally the CPU will need to sample the printhead temperature and possibly adjust the firing profile 
based on the result. 

To capture the printhead temperature, the printhead must be put into TEST_MODE, and the 
phi_j)hjiata_i pin input mode. The CPU will toggle the phijrclk and then sample the phi _ph_data_i to 
capture the temperature data. The cycle is repeated N times, and the N bits of data are used to generate the 
printhead temperature value. The temperature capture waveform is shown in Figure 242. 

The exact number of bits required (i.e. N) and the temperature value generation mechanism is currently 
undefined. 
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Figure 242. Temperature Capture Waveform 
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32.8.3 Printhead initialization procedure 

In order to use the printhead for the first time the CPU must download parameters for controlling the fire 
pattern generator. The download is performed by entering the FIREJNIT mode and data is transferred 
through the phi_ph_data[l:0][0] pins (one pin per printhead IC) and clocked into the printhead on the ris- 
ing edge of phi Jrclk In total 29 clock cycles are required to transfer the full set of parameters. 



Table 162. Parameters for Fire Pattern Initialization 



1 






b msmmmmm wm\m 


NL£N 


14 


Fire pattern length. Values defines the length of the fire pat- 
tern. NLEN=N-1 where N is the pattern length. 


COUNT 


14 


Defines the remaining number of clock cycles required to 
generate the Fire Pattern. Is given by COUNT= (1^/2) Mod 
N -1 where 1^ is the dot length of longer printhead or 
COUNT= (1^ - -((Lb mod N)) Mod N -1 tor the shorter 
printhead 


B 


1 


Select shift register inversion bit. 



Once the generator is initialized the fire pattern and select pattern need to be created and shifted into their 
respective shift registers. The printheads are put into FIRE_GEN mode and the phijrclk is toggled L a 
times, where L a is the length of the longer printhead in dots. As phi Jrclk is a common signal for both 
printheads it means that if the printhead ICs are of different length one printhead IC will get clocked too 
many times by phijrclk. The fire pattern generator internal in each printhead IC takes account of this. See 
Section 32.8.4 Fire pattern generator. 

If dot line margining is to be used the dot data registers in the margining region in the printhead IC need to 
be initialized to zero before any line is printed. See section 32.6 on page 507 for a full explanation of dot 
line margin setup. The CPU does this by entering NORMAL JtfODE and fills the dot data shift register 
with zeros. This is performed by clocking the phijsrclk to each printhead dot margin times for the each 
printhead IC. As phijsrclk is not common to both printhead ICs the number of clock cycles can be differed 
to each printhead IC. 

Once the printhead initialization is complete control of the printhead can be released to the PHI to allow 
printing to begin. 

32.8.4 Fire pattern generator 

The fire pattern generator is logic within each printhead IC used to generate the fire pattern and the select 
shift partem. The fire pattern generator must be initialized by the SoPEC device before a page can be 
printed. The SoPEC uses the CPU direct IO control of the printhead pins to download the initialization 
parameters and generate the initialization sequence. 
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32.9 Implementation 

32.9.1 Definitions of I/O 



Table 163. Prlnthead interface I/O definition 





PR 






docks and Resets 


pdk 




In 


System Clock 


phiclk 




In 


Printhead Interface dock (doctkfS) used to transfer data from pdk to 
dodk domains 


dodk 




In 


Data out dock (2x pdk) used to transfer data to printhead 


prstjn 




In 


System reset, synchronous active low. Synchronous to pdk 


phirst_n 




In 


System reset, synchronous active low. Synchronous to phiclk 


dorst_n 




In 


System reset, synchronous active low. Synchronous to doc* 


General 


phLjcti _print_rdy 




Out 


Indicates that the first line of data Is transferred to the printhead 
Active high. 


phi_icu_page_finish 




Out 


Indicates that data for a complete page has transferred. Active high 


phi_icu_underain 




Out 


Indicates the PHI has detected a buffer underrun. Active high 


phLfcuJinesync_rnt 




Out 


Indicates the PHI has detected UneSynclntenupt number of line 
syncs. 


Debug I 


debug_data_outf2:0) 


3 


In 


Output debug data to be muxed on to the PHI pins 


debug_cntrl[2:0} 


3 


In 


Control signal for each PHI bound debug data line Indicating 
whether or not the debug data should be selected by the pin mux 


LLU Interface 


llu j5hi_data(1 


2x6 


Out 


Dot Data from LLU to the PHI, each bit is a color plane 5 downto 0. 
Bus 0 - Even dot data stream 
Bus 1 - Odd dot data stream 

Data is active when corresponding bit is active in llu _phi_availbus 


phijlu_ready(1:0] 


2 


In 


Indicates that PHI Is ready to accept data from the LLU 

0 - Even dot data stream 

1 - Odd dot data stream 


Bu_phi_availtl:0] 


2 


Out 


Indicates valid data present on corresponding llu _jyhl_<iatEL 

0 - Even dot data stream 

1 - Odd dot data stream 


Printhead Interface 


phi_ph__dataj(1 :0](1 :0} 


2x2 


In 


Dot data input from printhead. 
Bus 0 - Printhead channel A 
Bus 1 - Printhead channel B 


phl_ph_data_o{1 :0][1 :0] 


2x2 


Out 


Dot data output to printhead. Each bus to each printhead contains 2 
bits of data 

Bus 0 - Printhead channel A 
Bus 1 - Printhead channel B 


phLph_data_e[1 :0][1 :0) 


2x2 


Out 


Dot data direction control. Pin is driving when high 
Bus 0 - Printhead channel A 
Bus 1 - Printhead channel B 


phLsrcfk(1K)J 


2 


Out 


Dot data shift dock used to clock in printhead data 
Bus 0 - Printhead channel A 
Bus 1 - Printhead channel B 
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Table 163. Prlnthead Interface I/O definition 







phi_readt 


1 


Out 


Common prlnthead mode control. Used In conjunction with | 
phUsynd to determine the prlnthead mode 

0 * SoPEC receiving, prlnthead driving 

1 * SoPEC driving, prlnthead receiving 


phi_frdk 


1 


Out 


Common Rre pattern dock needs to toggle once per fire cyde 


phi_profile 


1 


Out 


Common pulse profUe for all colors 


p hi_lsyn d_o 


1 


Out 


Capture dot data for next print line, output mode 


phi_lsynd_e 


1 


In 


phijsynd output enable, when high pn/Jsync/ pin is driving 


phijsyndj 


1 


In 


Line Sync Pulse from Master SoPEC 


PCU Interface ] 


pcu-Phl_seI 


1 


In 


Block select from the PCU. When pcu _phLseI is nigh both pcu_adr 
and pcu_dataouiare valid. 


pcu_rwn 


1 


(n 


Common read/not-write signal from the PCU. 


pcu_adr[7:21 


6 


In 


PCU address bus. Only 6 bits are required to decode the address 
space for this block. 


pcu_dataout(31:0] 


32 


In 


Shared write data bus from the PCU. 


phLpcu_rdy 


1 


Out i 


Ready signal to the PCU. When pM_pcu_tdyia high it indicates the 
last cyde of the access. For a write cyde this means pcu_dataout 
has been registered by the block and for a read cycle this means 
the data on ph1_pcu_jiata Is valid. 


phl_pcu_data{3 t :0J 


32 


Out : 


Read data bus to the PCU. 
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32.9.2 PHI sub-block partition 



ICU 



«f 4 4 i 

1 



i 



debugjcntrt- 
debuo_jJata_otrt- 




PEP Controller Unit 



S 



i 




✓ 


32 






j 




I 









Y Y 



Line Loader Unit (LLU) 



PrlntHead 
Interface 



42 /"2 yf2x6 

i. 



Configuration 
Registers 



.1 



y r 



• dotlcnr ■ 



cpijo.wr 



Dot 

Counter 



I I - § ! - i y -J-: c.^ -:r„ .... .. 1 _ 



svnc confiQ 



PHI 

Controller 



4 Sa 



fifBjst 





lasi Hne 






line st 


— * 


4- 
4- 







cata_st 



data Jin 



Datapath 
Unit 



Fire 

Generator 



Sync 

Generator 



1 



1 

1 



f E - :: 
IS! 



Y Y 



2x2 



CPU IO Control 



I 

1 



Master 
SoPEC 



Y Y 



i 
5 



Bi-ltthic Printhead 



1 pdk domain (160 Mhz) 



docile domain (320 Mhz) i 1 pnicJk domain (106 Mhz) 



Figure 243. PHI block partition 



32.9.3 Configuration registers 
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The configuration registers in the PHI are programmed via the PCU interface. Refer to section 21.8.2 on 
page 257 for a description of the protocol and timing diagrams for reading and writing registers in the PHI. 
Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads and 
writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the PHI. 
When reading a register that is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
of phi_pcu_data. Table 164 lists the configuration registers in the PHI 



Table 164. PHI registers description 



Control Reg 


sters 


is 


jog 




0x00 


Reset 


1 


0x1 


Active low synchronous reset, self de-activating. A 
write to this register wfO cause a PHI block reset 


0x04 


Go 


1 


0x0 


Active high bit indicating the PHI is programmed 
and ready to use. A low to high transition wiil cause 
PHI block Internal state to reset. Wiil be automati- 
cally reset if a page finish or a buffer underrun is 
detected. 


Genera] Control 


0x08 


PageLenUne 


32 


0x0000 
_0000 


Specifies the number of dot lines in a page. 


0x0c 


PrintStart 


1 


0x0 


A low to high transition triggers printing to start 
Only active In Master Mode 


0x10-0x14 


DotMargln 


2x16 


0x0000 


Specifies for each printhead IC, the width of the 
margin in dots divided by 2. 

0 - Printhead IC Channel A 

1 - Printhead IC Channel B 


0x18-0x2C 


DotCountI5:0] 


6x32 


0x0000 
.0000 


Indicates the number of Dots used for a particular 
color, where N specifies a color from 0 to 5. Value 
valid after a write access to DotCountSnap 


0x30 


DotCountSnap 


1 


0x0 


Write access causes the AccumDotCount values to 
be transferred to the DotCount registers. The 
AccumDotCount are reset afterwards. 


0x34 


PhiHeadSwap 


1 


0x0 


Controls which signals are connected to printhead 
channels A and B 

0 - Normal, specifies bit 0 is channel A, bit 1 is 
channel B 

1 - Swapped, specifies bit 0 is channel B. bit 1 is 
channel A. 


0x36 


PhiMode 


1 


0x0 


Indicates whether the PHI is operating in master or 
slave mode 

0 - Slave Mode 

1 - Master Mode 


0x3C-0x40 


PhiSerialOrder 


2x1 


0x0 


Specifies the serialization order of dots before 

transfer to the printhead. 

Bus 0 - Printhead Channel A 

Bus 1 - Printhead Channel B 

A 0 Indicates order ABC, while 1 indicates CBA 
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0x44-0x46 


PrintHeadSize 


2x16 


0x0000 


Specifies the number of non-margin dots in the 

printhead ICs. ft margining Is to be used then the 

configured PrintHeadSize should be adjusted by the 

dot margin value i.e. PrintHeadSize « {Physical- 

PrintHeadSize - {DotMargin * 2)). 

Bus 0 - Specifies printhead on Channel A 

Bus 1 - Specifies printhead on Channel B 


CPU Direct PHI Control (See Table 161.) 


0X4C 


PrintHeadCpuIn 


5 


0x00 


PHI Interface pins input status. Only active in direct 
CPU mode 


0x50 


PrintHeadCpuDir 


5 


0x00 


PHI interface pins direction control. Only active in 
direct CPU mode 


0x54 


PrintHeadCpuOut 


10 


0x000 


PHI interface pins output control. Only active in 
direct CPU mode 


0x58 


PrintHeadCpuCtrl 


1 


0x0 


Control direct access CPU access to the PHI pins I 

0 - Normal Mode 

1 - Direct CPU Control mode 


Line Sync Control 


OxSC 


LsyncLow 


16 


0x0000 


Number of phidk cydes pN_tsynd should remain 
low. 


0x60 


LsyncHigh 


16 


0x0000 


Number of phidk cycles phl_lsynd should remain 
high. 


0x64 


LsyncPre 


16 


0x0000 


Number of phidk cycles between PrintStart rising 
transition and the generated phijsynd falling edge 


0x68 


LsyncMin Period 


24 


0x00_0 
000 


Minimum number of phidkcydes between Lsync 
pulses, Lsync pulses of a shorter period will be 
rejected. Only used in slave mode. 


0x6C 


LsyncDeglitchCnt 


4 


0x3 


Number of phidk cycles to filter the Incoming lsync 
pulse from the master. Only used In slave mode. 


0x70 


UneSyn (interrupt 


16 


0x0000 


Number of line syncs to occur before generating an 
Interrupt. When set to zero Interrupt Is disabled. 


Shift Register Control 


0x74 


SrclkPre 


14 


0x0000 


Number of phidk cydes between phi^isynd falling 
edge and phi_srdk pulse generation, or printhead 
data transfer 


0x78 


SndkPost 


14 


0x0000 


Number of pNdk cycles allowed margin from last 
srdk pulse in a line to before next line sync 


0x7C-Ox80 


PrintHeadRate[1.-0) 


2x16 


OxFFFF 


Specifies the active to inactive ratio of phi_srdk for 
the printhead ICs. A 1 indicates Active. 
Bus 0 - Printhead IC channel A 
Bus 1 - Printhead IC channel B 


0x84 


DotOrderMode 


1 


0x0 


Specifies the dot transmit order to the printhead 
Channel A. Printhead Channel B is always the 
opposing order. 

0 - Even before Odd dots 

1 - Odd before Even dots 


Fire Control 


0x88 


Profile Pre 


14 


0x0000 


Number of phidkcydes phUsynd falling edge and 
phi_profile pulse generation 
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wmifiWMmmxmm 


0x8C 


ProfiJeLow 


14 


OxOOOO 


Number of phidk cycles pN^profito should remain 
low. 


0x90 


ProfileHigh 


14 


0x0000 


Number of phidk cycles phi^profile should remain 
high. 


0x94 


ProfiJeNum 


16 


0x0000 


Number of profile pulses per Dne time. 


0x98 


FrcIkPre 


14 


0x0000 


Number of phidk cycles phLlsynd falling edge and 
phl_frdk pulse generation 


0x9C 


FrcIkLow 


14 


0x0000 


Number of phidk cycles phi_frdk should remain 
tow. 


OxAO 


RulkHigh 


14 


0x0000 * 


Number of phidkcydes phijrdk should remain 
high. 


0xA4 | FrdkNum 


16 


0x0000 


Number of phijfrdk pulses per line time. 


Working Reg 


Isters 


0xA8-0xAC 


UneDotCnt 


2x16 


0x0000 


Indicates the number of dot processed In the cur- 
rent line 

Bus 0 - Printhead Channel A 
Bus 1 - Printhead Channel B 
(Read Only Registers) 


OxBO 


UneCnt 


32 


0x0000 
_0000 


Indicates the number of lines processed in this page 
(Read Only Register) 



me configuration registers in the PHI block are clocked at pclk rates but several blocks in the PHI are 
clocked by different and asynchronous clocks. Configuration values are not re-synchronized, it is therefore 
important that the Go register be set to zero while updating configuration values. This prevents logic from 
entering unknown states due to metastable clock domain transfers. 

Some registers can be written to at any time such as the direct CPU control registers (PrintHeadCpuIn, 
PrintHeadCpuDir, PrintHeadCpuOut and PrintHeadCpuCtrl), the Co register and the PrintStart register. 
All registers can be read from at any time. 

When one of the direct CPU control registers are written to the configuration registers block generates a 2 
cycle pulse (cpu_io_yvr) which is used to transfer the pin control signals from the pclk domain to the phiclk 
domain. The cpujo^wr signal is a delayed version of the write enable from the CPU. 



32.9.4 Dot counter 



The dot counter keeps a running count of the number of dots fired for each color plane. The counters are 
32 bits wide and will saturate. When the CPU wants to read the dot count for a particular color plane it 
must write to the DotCountSnap register. This causes all 6 running counter values to be transferred to the 
DotCount registers in the configuration registers block. The running counter values are reset ' 
// reset if being snapped 
if (dot_cnt_snap == 1) then{ 

dot^count [5:0) a accum.dot.count f 5 : 0J 

«ccuuL_dot_count (5:0) = 0 

> 

// update the counts 

for (color=0;color < 6;color++) { 

if (accum_dot_count (color) • = Oxf f f £__f f f f ) { 
// data valid, first dot stream 

data_valid = ( <phi_llu_ready { 0] == 1) AND (llu_phi_avail ( 0 J == 1)) 
if <<dat*_valid == 1) AND <llu_phi_data (0) (color ) == 1)) then 
accum__dot_count (color] ++ 
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// data valid, second dot stream 

data_valid = ( (phi_llu_ready [1] « 1) AND ( Uu_phi_avail [1] == 1)> 
if <<data_valid == 1) AND <llu_phi_data [1 J [color] == 1)) then 
accura_dot_count t col or] ♦+ 

> 



32.9.5 Sync generator 

The sync generator logic has two modes of operation, master and slave mode. In master mode (configured 
by the PhiMode register) it generates the Isyncl^o output based on configured values and control triggers 
from the PHI controller. In slave mode it de-glitches the incoming IsynclJ signal, and filters the Isyncl sig- 
nal with the minimum configured period. 



FteselQfl en? op pi 



V 

Reset V 



byttc en~t ANP 
count • tsync_pre 



SyncPre 



Count—O AND last faflj 



count - isyncj 



tsynd_o-1 



count - byncjow 



^ Sy fKLOW ^ byncCo- 



coum m teync_h»gh 



IsyncLo- 1 



=0 AND last flmv«=-i 



SYTK ffl~1 AND 
phi mortew-pi^y fl 



^SyncWait^4- 



Count 



tevnc cutae — 1 

count - bync_mtn_pcrtod 



f ^SyncPeriod^. 



Machine remains in same state by default 
All outputs are zero unless otherwise stated 
State Description 
Reset Normal reset state 

SyncPre: Count the LsyncPre number of dock cycles 
SyncLow: Count the LsyncLow number of dock 
cycles 

SyncHIgh: Count the LsyncHigh number of dock 
cycles 

SyncWait: wait for an Input I sync pulse 
SyncPeriod: Count the LsyncMinperiod number of ctock 
cycles 



count d teync_cTbn_perkxJ 



tevnc pulflfl — l and cQumi-o 



sync.en-t 



To Reset State 



Figure 244. Sync generator state diagram 



After reset or a pulse on phi_go_pulse the machine returns to the Reset state, regardless of what state it's 
currently in. 

The state machine waits until it's enabled (sync_en=l) by the PHI controller state machine. When 
enabled it can proceed to the SyncPre or SyncWait depending on whether the state machine is configured 
in master or slave mode. In master mode it generates the Isyncl pulses, in slave mode it receives and filters 
the Isyncl pulses from the master sync generator. 

On transition to the SyncPre state a counter is loaded with the LsyncPre value, and while in the SyncPre 
the counter is decremented. When the count is zero the machine proceeds to the SyncLow state pulsing the 
line^st signal on transition and loading the counter with LsyncLow value. This indicates to the PHI con- 
troller the line start aligned to the Isyncl negative edge. 
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The machine waits in the SyncLow state until the counter has decremented to zero. It proceeds to the Syn~ 
cHigh state and counts LsyncHigh number of cycles. While in LsyncLow state the Isyncljo output is set to 
0 and in SyncHigh the lsyncl_o output is set to I . 

When the count is zero and the current line is not the last (lastjine — 0), the machine returns to the Syn- 
cLow state to begin generating a new line sync pulse. The transition pulses the linejst signal to the PHI 
controller. 

The loop is repeated until the current line is the last (lastjine =1), and the machine returns to the Reset 
state to wait for the next page start 

In slave mode the state machine proceeds to the SyncWait state when enabled. It waits in this state until a 
lsync_pulse is received from the input de-glitch circuit. When a pulse is detected the machine jumps to the 
SyncPeriod state and begins counting down the LsyncMinPeriod number of clock cycles before returning 
to the SyncWait state. On transition from the SyncWait to the SyncPeriod state the line jst signal to the PHI 
controller is pulsed to indicate the line start. While in the SyncPeriod state if a Isync _pube is detected the 
state machine will signal a sync error (via syncjerr) to the PHI controller and cause a buffer underrun 
interrupt. 



32. 9.5. 1 Lsyncl input de-glitch 



The isync J input is considered an asynchronous input to the PHI, and is passed through a synchronizer to 
reduce the possibility of metastable states occurring before being passed to the de-glitch logic. 

The input de-glitch logic rejects input states of duration less than the configured number of clock cycles 
(lsync_deglitch_cnt), input states of greater duration are reflected on the output, and are negative edge 
detected to produce the lsync_pulse signal to the main generator state machine. The counter logic is given 
by 

if C lsync_i ! = lsync_i_delay) then 

cnt «= lsyncL.deglitch__cnt 

output_en = 0 
elsif (cnt == 0 I then 

cnt = cnt 

output_en = 1 
else 

cnt — 

output_en = 0 



IsyncJ • 



synchonfzBf 



lsyncj_ttetay 



Counter |* ^ 

Logic 



teync_degfitch_cnt - 



cnt 



Compare 



Pulse 
Generator 



_output_en 



Isync_pufs9 



Figure 245. Line sync de-glitch RTL diagram 



32. 9. 5. 2 Line Sync Interrupt logic 



The line sync interrupt logic counts the number of line syncs that occur (either internally or externally gen- 
erated line syncs) and determines whether to generate an interrupt or not. The number of line syncs it 
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counts before an interrupt is generated is configured by the LineSyncInterrupt register. The interrupt is dis- 
abled if LineSyncInterrupt is set to zero. 
// implement the interrupt counter 
if (phi_go_pulse ==1> then 

line_count = 0 
elsif <line_st == 1) AND (line_count == 0)) then 

line_count = linecount_int 
elsif <(line_st « 1) AND (line_count ! - 0)) then 

line_count — 
// determine when to pulse the interrupt 
if <linesync_int == 0 ) then // interrupt disabled 

phi_icu_linesync_int = 0; 
elsif ((line_st == 1) AND <line_count == 1)) then 

phi_icu_linesync_int = 1 



32.9.6 Fire generator 



The fire generator block creates the signal profile for the phijrclk and phi profile signals to the printhead. 
The profile is based on configured values and is timed in relation to the fire _sync pulse from the PHI con- 
troller block. 



Reset 



count ** trc&. __pro 



1 count • trctkJuQih 

?f Q RreHigh^ pftLhc*-i 



counttwO 
COvnt 



count— O 
repeat_count - 



count — frcO^jow 



cpunfefl 

count 



Machine remains in same state by default 
All outputs are zero unless otherwise stated 

State Description: 

Reset: Normal reset state 

RrePre: Count the FrclkPre number of clock cycles, 
repeat count set to FrclkNum 

RreHigh: Count the FrcikHIgh number of dock cycles 

RreLow: Count the FrctkLow number of clock cycles 



oourrt=-0 AND 

repeat count — Q 



Figure 246. Fire generator state diagram 



The fire generator consists of 2 identical state machines for creating the phi Jrclk and phi_profile signals 
respectively. 

The machine is reset to the Reset state when phi_go _pube =1 or the reset is active, regardless of the cur- 
rent state. 

The machine waits in the reset state until it receives a fire jit pulse from the PHI controller. The controller 
will generate afire^st pulse at the beginning of each dot line. On the state transition the cycle counter is 
loaded with the FrclkPre value and the repeat counter is loaded with the FrclkNum value. 
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The state machine waits in the FirePre state until the cycle counter is zero, after which it jumps to the Fire- 
High state and loads the cycle counter with FrclkHigh value. Again the state machine waits until the count 
is zero and then proceeds to the FireLow state. On transition the cycle counter is loaded with the FireLow 
value. The state machine waits in the FireLow state while the cycle counter is decremented. 

When the cycle counter reaches zero and the repeatjoount is non-zero, the repeat_count is decremented, 
the cycle counter is loaded with the FrclkHigh value and the state machine jumps to the FireHigh state to 
repeat ih&phijrclk generation cycle. The loop is repeated until the repeat jzowxt is zero. In such cases the 
state machine goes to the reset state and waits for the next fire _jt pulse. 

When in the Reset state the fire^ray signal is active to indicate to the controller that the fire generator is 
ready. 



The PHI controller is responsible for controlling all functions of the PHI block on a line by line basis. It 
controls and synchronizes the sync generator, the fire generator, and datapath unit, as well as signalling 



32.9.7 



PHI controller 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 522 



SoPEC : Hardware Design 



back to the CPU the PHI status. It also contains a line counter to determine when a full page has completed 
printing. 



Reset OR phi 90 putstol 

\ 

^ Reset 



Phi 00=1 

Mnejcount 



FirstUne 



> 



«^page_lon_lino 
1 AND 



data frn==l 

line_count - 



^PrintstarT^ prim__rdy =1 



data An 1 AND 

fine Count <oaoa len lina 
One_count- 



SyncWait J 



sync_ert«1 



data_st «= 1 
ftre_st = 1 
8ync_st= 1 



LineTrans 



data fin^l AKin 
MQfl count M t 
fine_count- 



data finl^l 



sync_en=1 



>^Und©rnJH ) undeiTim_eiTor =1 



pfal gp aulsteal 



0 



firs riy°l 
page_KnSh«1 



CLasOJne J lastjlne =1 
S sync_en «1 



Figure 247. PHI controller state machine 

The PHI controller state machine is reset to Reset state by a reset or phi _go _pulse = 1 . 

It will remain in reset until the block is enabled by phijgo = 1 . Once enabled the state machine will jump 
to the FirstLine state, trigger the transfer of one line of data to the printhead (data_st «- 1) and the line 
counter will be initialized to the page length (PageLenLine). Once the line is transferred (data Jin from the 
datapath unit) the machine will go to Printstart state and signal the CPU using an interrupt that the PHI is 
ready to begin printing (phijcu_print_rdy). The line counter will also be decremented. It will then wait in 
the Printstart state until the CPU acknowledges the print ready signal and enables printing by writing to 
the PrintStart register. 

The state machine proceeds to the SyncWait state and waits for a line start condition Qine_st =1). The line 
start condition is different depending on whether the PHI is configured as being in a master or slave 
SoPEC (the PhiMode register). In either case the sync generator determines the correct line start source 
and signals the PHI controller via the line_st signal. Once received the machine proceeds to the LineTrans 
state, with the transition triggering the fire generator to start (fire jst), the datapath unit to start {data ^st) 
and the sync generator to start (sync_st). 
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While in the LineTrans state the fire, sync and datapath unit will be producing line data. When finished 
processing a line the datapath unit will assert the line finished (line Jin) signal. If the line counter is not 
equal to 1 (i.e. not the last line) the state machine will jump back to the SyncWait state and wait for the start 
condition for the next line. The line counter will be decremented. If the line counter is one then the 
machine will proceed to the LastLine state. 

The LastLine state generates one more line of fire pulses to print the last line held in the shift registers of 
the printhead. Once complete {fire Jin =1) the state machine returns to the reset state and waits for the 
next page of data. On page completion the state machine generates a phijcu _page Jinish interrupt to sig- 
nal to the CPU that the page has completed, the phijcu^page Jinish will also cause the Go register to reset 
automatically. 

While the state machine is in the LineTrans state (or in FirstLine state and the PHI is in slave mode) and 
waiting for the datapath unit to complete line processing, it is possible (e.g. an excessive PEP stall) that a 
new line start condition occurs but the datapath unit is not ready. In this case an underrun error is gener- 
ated. The state machine goes to the Underrun state and generates a phijcujunderrun interrupt to the 
CPU. The PHI cannot recover from a buffer underrun error, the CPU must reset the PEP blocks and re- 
start printing. The phijcujunderrun will also cause the Go register to reset automatically. 



32.9.8 CPU IO control 



The CPU IO control block is responsible for accepting CPU direct IO control signals from the configura- 
tion registers (atpcik frequency) and transferring them to phiclk frequency. It also accepts the input signals 
from the printhead and re-synchronizes them to the pclk domain, and debug signals from the RDU and 
muxes them to output pins. 

Table 161 contains the direct mapping of configuration registers to printhead IO pins. Direct CPU control 
is enabled only when PrintHeadCpuCtrl is set to one. In normal operation (i.e. PrintHeadCpuCtrl «- 0) 
the printhead data pins are always in output mode (phi_ph_data__e = 1 ), the phijsyncl will be in output if 
the SoPEC is the master, i.e. phijsyncl^e = phi_jnode % and readl will be set high. 

The pseudocode for the CPU IO control is: 

if (printhead_cpu_ctrl •« 1) then // CPU access enabled 
// outputs 

printhead_cpu_out 11:0) 
print heacL_cpu_out 13:2] 
pr inthead_cpu_out (4 ] 
printhead_cpu__ out ( 5 ] 
print head_cpu_out (7 i 6] 
. pr int head_cpu_ou t { 8 1 
printhead_cpu_out (9] 



phi_ph__data_o[0] {1:0} 
phi_ph_data_o ( 1 J{ 1 : 0 ] 
phi_lsyncl_o 
phi_readl 
phi_erclkll:0] 
phi^frclk 
phi__ prof ile 
// direction control 
phi_ph_da ta_e CO] [1:0] 
phi_ph_data_e(l] (1:0) 
phi_lsyncl_e 
// input assignments 
pr inthead_cpu_in (1:0] 
printhead_cpu_in (3 : 2 ] 
printhead_cpu_in (5) 
else // normal connections 
// outputs 

phil_ph_data_o [ 0 ] ( 1 : 0 ] 
phi_ph_da ta_o ri] (1:0) 
phi_lsyncl_o 
phi_readl 
phi_srclk(l:0] 
phi^frclk 
phi_prof ile 
// direction control 



pr inthead_cpu__dir (1:0] 
printheadL_cpu_dir (3:2] 
printhead_cpu_dir ( 4 ) 

synchronize < phi_ph_data_i ( 0 ] [1:0] ) 
synchronize (phi_ph_data_i (1) (1:0)) 
synchronize (phi_lsyncl_i £ 0] (1:01) 



ph_data(0) (1 
ph_data [1] (1 : 
lsync_o 
1 

srclk(l:0] 
frclk 
profile 



0] 
0] 
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phi_ph_data_e[0] [1:0] = 0x3 
phi_ph_data_e[l] [1:0] = 0x3 

phi_lsyncl_e = phi_mode // depends on Master or Slave mode 

// inputs 

lsyncl^i c phi_lsync_i // connected regardless 

// debug overrides any other connections 
if <debug_cntrl [0] « 1> then 

phi_frclk * debug_data_out [0] 

phi_readl = pclk 

if <debug_cntrlU) D then 

phi_profile = debug_data_out [1] 

if <debug_cntrl[2] ==• i) then 

phi_lsyncl_o = debug_data_out (2 ] 

phi_lsyncl_e = 1 

The debug signalling is controlled by the RDU block (see Section 11.8 Realtime Debug Unit (RDU)), the 
IO control in the PHI muxes debug data onto the PHI pins based on the control signals from the RDU. 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



^9 Nov 2002 
Page 525 



SoPEC : Hardware Design 



32.9.9 Datapath Unit 



print_h*3d_siza(l}. 
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. prinU»eari.ralc(03 
. doOnaroinlOJ 



^> • • a • • « 



; pdk domain (160 Mhz) ^ J dodk domain (320 Mhz) i t pNdk domain (106 Mhz) 
Figure 248. Datapath Unit partition 
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J3 



32.9.10 Dot order controller 

Reset Oflphf 90 puls6=l 



FineJSnU. 



•+Q Reset J 



dot_ofder_rdy »1 



data stcsl 
dot_cnt_rst = 1 



^ UneStart ^ 



mode_sel = dot_order_mode 
gen_en[f " 
gen_enp 



UneStart ) 



mid ptfvown 



Q UneMid ^ 



mode_sel a dot_order_mode 
Qen_enJ0J e 0 
gen_en(1 1 « 0 



X modo_sel «-(<tot_or€ 

uneEnd ; »asi:atsB 



'(dot_order_mode) 



Machine remains in same state by default 
AH outputs are zero unless otherwise stated 

State Description: 

Normal reset state 

Start processing first part of the line, wait for 
both mid_pt to be active 

Switch over wait state allow pipeline to clear 



Linesta rt: 



LineMId: 
LineEnd: 



Une end processing wait for both Dne_fin to be 
active 



Figure 249. Dot Order controller state diagram 

The dot order controller is responsible for controlling the dot order blocks. It monitors the status of each 
block and determines the switch over point, at which the connections from odd and even dot streams to 
printhead channels are swapped. 

I The machine is reset to the Reset state when phi_go _pulse — 1 or the reset is active. The machine will 

wait until it receives a data_st pulse from the PHI controller before proceeding to the LineStart state. On 
the transition to the LineStart state it will reset the dot counter in each dot order block via the dot _cntjrst 
signal. 

While in the LineStart state both dot order blocks are enabled (gen_en=l). The dot order blocks process 
data until each of them reach their mid point. The mid point of a line is defined by the configured printhead 
I size (i.e. print _head_size). When a dot order block reaches the mid point it immediately stops processing 

and waits for the remaining dot order block. When both dot order blocks are at the mid point (mid _pt *= 
1 1) the controller clocks through the LineMid state to allow the pipeline to empty and immediately goes to 
LineEnd state. 

In the LineEnd state the mode^sei is switched and the dot order blocks re-enabled, in this state the dot 
order blocks are reading data from the opposite LLU dot data stream as in LineStart state. The controller 
remains in the LineEnd state until both dot order blocks have processed a line i.e. line Jin =11. 

On completion of both blocks the controller returns to the Reset state and again awaits the next data_st 
pulse from the PHI controller. When in Reset state the machine signals the PHI controller that it's ready to 
begin processing dot data via the dot_order_rdy signal. 
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The dot order controller selects which dot streams should feed which printhead channels. The order can be 
changed by configuring the DotOrderMode register. In all cases Channel A and Channel B must be in 
opposing dot order modes. Table 158 shows the possible modes of operation. 



Table 165. Mode selection In Dot order controller. 





illlHIl 






A 


0 


0 


Even before Odd (EBO mode), even dot stream feeds 
Channel A printhead, first half line. 




0 


1 


Odd before Even (OBE mode), odd dot stream feeds 
Channel A printhead, first half line. 




1 


0 


Even before Odd (EBO mode), even dot stream feeds 
Channel A printhead, second half line. 




1 


1 


Odd before Even (OBE mode), odd dot stream feeds 
Channel A printhead, second half line. 


B 


0 


0 


Odd before Even (OBE mode), odd dot stream feeds 
Channel B printhead, second half line 




0 


1 


Even before Odd (EBO mode), even dot stream feeds 
Channel B printhead, second half line. 




1 


0 


Odd before Even (OBE mode), odd dot stream feeds 
Channel B printhead, first half line. 




1 


1 


Even before Odd (EBO mode), even dot stream feeds 
Channel B printhead, first half line. 



32.9. 10. 1 Dot order unit 

The dot order control accepts dot data from either dot stream from the LLU and writes the dot data into the 
dot buffer. It has two modes of operation, odd before even (OBE) and even before odd (EBO). In the OBE 
mode data from the odd stream dot data is accepted first then even, in EBO mode it's vice versa. The mode 
is configurable by the DotOrderMode register. 

The dot order unit maintains a dot count that is decremented each time a new dot is received from the 
LLU. The dot order controller resets the dot counter to the print_headjsize[15:0] at the start of a new line 
via the dot_cnt_rst signal. The dot count is compared with the printhead size (print Jiead jsize[15:0] 
divided by 2) to determine the mid point (mid^pt) and the line finish point (line Jin) when the dot counter 
is zero. 

The mid point is defined as the half the number of dots in a particular printhead, and is given by the 
print Jveadjsize bus. 
// define the mid point 

if <dot_cntU5:0l print_head_size[15 : 1] ) then 

mid_pt = 1 
else 

mid pt = 0 

The dot order unit logic maintains the dot data write pointer. Each time a new dot is written to the dot 
buffer the write pointer is incremented. The fill level of the dot buffer is determined by comparing the read 
and write pointers. The fill level is used to determine when to backpressure the LLU (ready signal) due to 
the dot buffer filling. A suitable threshold value is determined to allow for the full LLU pipeline to empty 
into the dot buffer. 

The dot order stalling control is given by: 

// determine the ready /avail signal to use, based on mode select 
if <inode_sel == 1) then 

dot_active = llu_phi_avail CO) AND ready 

wr_data = llu_phi_data [0] 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



«£9 Nov 2002 
Page 528 



SoPEC : Hardware Design 



else 

dot_active = llu_phi_avail (1) AND ready 

wr_data = llu_phi_data [ 1] 
// update the counters 
if (do tractive == 1) then { 

wr_en = 1 

wr.adr ++ 

if (dot_cnt == 0) then 
| dot_cnt = print_head_size 

else 

do t_cnt-- 

) 

The dot writer needs to determine when to stall the LLU dot data stream. A number of factors could stall 
the dot stream in the LLU such as buffer filling, waiting for the mid point, waiting for the line finish or the 
dot order controller is waiting for the line start condition from the PHI controller. 
The stall logic is given by: 

// determine when to stall the LLU generator 
fill_level - wr__ adr - rd_adr 

if (fill_level > (32 - THRESHOLD ) ) then // THRESHOLD is open value TBD 

ready =0 // buffer is close to full 

elsif ( gen__en == 0) then 

ready * 0 // atalled by the datapath controller 

else 

ready =1 // everything good no stall 
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32.9.10.2 Data generator 



Besfit OR Qftj qq gHjhB=^1 

\ 

Reset ^ <Jata_gen Jin « 



count - ( 



count - $rcfk_proJoad 



v 

r SrclkPre ) 



Machine remains in same state by default 

All outputs are zero unless otherwise stated 

State Description: 

Reset: Normal reset state 

SrclkPre: Count the SrclkPre number of clock cycles 

DataGen: Read Une Dot data from buffer 

MarginGen: Generate DotMargin number of dots 

SrcCkPOst: Wait for SrcCkPost number of cycles 



count m pdnt_head_stzB 




Figure 250. Data generator state diagram 

The data generator block reads data from the dot buffer and feeds dot data to the printhcad at a configured 
rate (set by the PrintheodRote). It also generates the margin zero data and aligns the dot data generation to 
the synchronization pulse from the PHI controller. 

The data generator controller waits in Reset state until it receives a line start pulse from the PHI controller 
{datajst signal). Once a start pulse is received it proceeds to the SrclkPre state loading a counter with the 
SrclkPre value. While in this state it decrements the counter. No data is read or output at this stage. When 
the count is zero the machine proceeds to the DataGen state. 

On transition it loads the counter with the printhead size (print Jiead_size). If margining is to be used then 
the configured printjieadjsize should be adjusted by the dot margin value i.e. print Jiead_size = 
iphysical_printjiead_size - (dot_margin * 2)). 

While in DataGen state data is read from the dot buffer and output to the printhead. The counter will dec- 
rement for every dot data word transferred. The exact rate is dictated by the dot buffer fill levels and the 
configured printhead rate (PrintheadRate). 

The generator determines the rate by incrementing a rate counter (rate_ent) while in the DataGen state. 
The rate counter is allowed to wrap normally. If the bit selected by the rate_cnt in the printjiead_rate bus 
is one data is transferred, otherwise the cycle is skipped. If the PrintHeadRate is set to all zeros then no 
data will ever get transferred. The pseudo-code for the DataGen state is given by: 
// increment the rate count 
rate_cnt 

// determine if data should be read 
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// first determine if data is available in buffer 
if (rdLadr ! = vr_adr ) then 

if (print_head_rate[rate_cnt] == 1 ) then 



= 1 
= 1 

= rd_datn 



dot_active 
gate_srclk 
rd_adr ♦ ♦ 
dot_data 
count — 
else 

dot_active = 0 
gate_srclk » 0 

else 

do tractive » 0 
gate_srclk o o 

When the counter reaches zero the state machine will jump to the MarginGen state if the configured mar- 
gin value is non-zero, otherwise it will jump directly to the SrclkPost state. On transition to MarginGen 
state it loads the cycle counter with the dot_margin value, and begins to count down. While in the Margin- 
Gen state the data generator logic block writes dot data to the printhead but does not read from the dot 
buffers. It creates zero dot data words for the margin duration. 

When the counter reaches zero the machine jumps to the SrclkPost state, loads the clock counter with the 
SrclkPost value and decrements. When the count is finished the state machine returns to the Reset and 
awaits the next start pulse. Should a line sync arrive before the data generators have completed {data Jin 
signal) the PHI controller will detect a print error and stall the PHI interface. 

32.9.10.3 Data serializer 

The data serializer block converts 6-bit dot data at phiclk rates (nominally 1 06 MHz) to 2-bit data at doclk 
rates (nominally 320 MHz). 

~l 



phiclk 



r 



j 



docfk 



dot_datat5:0l 



Invalid 



Z3C 



VaHdI5:0] 



~ \ ValtdIS:0] )( Invalid . ) ( 



gate_srclk 
gate_srclk_del 
srcfk 



-Ln_n_rL_n_rL_r 



Figure 251. Data serializer timing 



The srclk is only active when data is available for transfer to the printhead, as enabled by the gatejsrclk 
signal. The data rate mechanism in the data generator block will mean that data is not transferred to the 
printhead on every phiclk cycle. Both the dotj&ata and gatejsrclk signals are clocked out by the phiclk and 
can only change on the rising of phiclk. 
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Sh 



The data serializer block allows easy separation of clock gating and clock to logic structures from the rest 
of the PHI interface. All registers in the block are clocked at doclk rates. 



phead.swap • 
doi_data(0](5:0] - 

dot_<Jata{1]I5:0] . 



D- 



r>> 



phtdk- 
phLs«rtaJ_order- 



Mux Logic 



phead.swap- 
gate_srdk(0] . 

gate_$rdk(1] - 
doclk 



dot_daiaj1:0] 



dot^,data|3:2] ^ 



dol_datafS:4l ^ 



mux_sel 



gate, srdk del 



-► ph_data(l:0] 



r 



Jlock 
^ate 



Figure 252. Data serializer RTL Diagram 

The mux logic determines which data bits from the dotjdata bus should be selected for output on the 
phJUita to the printhead. The selection is dependent on the pkiclk edge, 
if (phiclk « 1> then 

znux_sel = 1 
els if ( mussel « 2 ) then 

mux-sel = 0 
else 

rmix w sel<»-+ 

The dot data serialization order can be configured by PhiSerialOrder register. If the PhiSerialOrder is zero 
the order is dot[l:0] f then dot[3:2] then dot[5:4]. If the register is one then the order is dot [5:4] \ dot [3:2], 
dot[l:0]. 
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Package and Test 
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33 Test Units 



33.1 JTAG INTERFACE 



A standard JTAG (Joint Test Action Group) Interface is included in SoPEC for Bonding and IO testing 
purposes. The JTAG port will provide access to all internal BIST (Built In Self Test) structures. 



33.2 Scan Test I/O 



The SoPEC device will require several test lO's for running scan tests. In general scan in and scan out pins 
will be multiplexed with functional pins. - 

33.3 . Analog Test Units 

I 

33.3.1 USB PHY Testing 

The USB phy analog macro, will contain built-in in test structure, which can be access by either the CPU 
or through the JTAG port 

33.3.2 Embedded PLL Testing 

The embedded clock generator PLL will require test access from JTAG port. 
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34 SoPEC Pinning and Package 

34.1 Overview 

It is intended that the SoPEC package be a 100 pin LQFP. Any spare pins in the package may be used by 
increasing the number of available GPIO pins or adding extra power and ground pin. The pin list shows the 
minimum pin requirement for the SoPEC device. 



Table 166. SoPEC Pin Ust 





[HSU 


sup 






Clocks and resau 




xtalin 


1 


I 


TOO 


N/A 


xtalin 


Crystal Input pin 


xtakxjt 


i 


O 


TBD 


N/A 


xtaJout 


Crystal output pin 


reseOi 


1 




LVTTL 


2.5v 


reset.n 


Asynchronous active low reset 


Prtnthead fnterfac 


-a 


ph_data[0][0] 


2 


o 


LVDS 


3.3v 


phLpru<iata_o[0][0] 


Dot data lor colors f>2 far Prtnthead 0. 
Using differential signalling 






1 


LVTTL 


3.3v 


phi_ph_data_*0] 


Input mode bit used (or nozzle test 
result prtnthead 0 


ptudata[0J[1) 


2 


o 


LVDS 


3.3v 


phij3h_data_o[0][1J 


Dot data for colors 3-5 for Printhead 0. 
Using differential signalling 






1 


LVTTL 


3 3v 


phLph_dataJM) 


Input mode bit used for temperature 
data printhead 0 


ph_data{1][OJ 


2 


o 


LVDS 


3.3v 


phLpfUdata_o{1lIO] 


Dot data tor colors 0-2 for Printhead 1. 
Using differentia) signalling 






1 


LVTTL 


33v 


phi_ph_data_fI1] 


Input mode bit used for nozzle lest 
result printhead 1 


ph^dataXIRl] 


2 


o 


LVDS 


3.3v 


pW-Ph_data_o(1][1] 


Dot data for cofors 3-5 for Printhead 1 . 
Using differential signalling 






1 


LVTTL 


3.3v 


phLph_data_S1) 


Input mode bit used for temperature 
data printhead 1 


sreflcfp] 


2 


o 


LVDS 


3.3v 


phi_Sfdk[Ol 


Differential dot data shift clock for print 
headO 


srcft|1) 


2 


o 


LVDS 


33v 


phLsrcikJIJ 


Differential dot data shift clock for print 
head 1 


reacfl 


1 


o 


LVTTL 


3.3v 


phl_readl 


Common Print head mode control 


frcfk 


1 


o 


LVTTL 


3.3v 


phLfrdk 


Common Fire pattern shfft dock, needs 
to toggle once per Are cycle 


profile 


1 


0 


LVTTL 


3.3v 


phi _proftle 


Common Pulse profile for all colors 


Isyncf 


1 


o 


LVTTL 


3.3v 


phi_lsyncLo 


Line Sync output from Master to Slaves 






1 


LVTTL 


3.3v 


phLlsyndJ 


Line Sync input to Slaves from Master 


USB Connections 


used 


2 


I/O 


Differen- 
tial 


3.3v 


Direct Phy Connection 


USB differential data 


JTAG 




tdo 


1 


o 


CMOS 


2.5v 


tdo 


JTAG Test data out port 


tms 


1 


1 


CMOS 


2.5v 


tms 


JTAG Test mode select 


tdl 


1 


1 


CMOS 


2.5v 


tdl 


JTAG Test data in port 


tck 


1 


1 


CMOS 


2.5v 


tck 


JTAG Test access port dock 


General Purpose IO 
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Table 166. SoPEC Pin List 



BPJo(3:0] 


4 


m 


mm 

CMOS 


2.5v 


gpio.o{3:0) 


Motor control pins / general purpose 
Output 


1 


CMOS 


2.Sv 


QpfaJf3:0] 


General purpose Input 


gpk)f7:4I 


4 


O 


High 
Drive 
CMOS 


2.5v 


gpk>_o{7:4] 


LED driver pins / general purpose Out- 
put 


l 


CMOS 


2.5v 


QpioJ[7:4| 


General purpose Input 




4 


o 


Open col- 
lector 


2.5v 


gpio_o{11:8] 


LSS interface pins / general purpose 
Output 




CMOS 


2.5v 


flpk>J[11:8J 


LSS interface pins / general purpose 
Input 


gpio(13:12] 


2 


o 


CMOS 


2.5v 


gplo_o(13:12] 


ISI Interface pins / general purpose 
Output 


1 


CMOS 


2.5v 


gploJt13:12] 


ISI Interface pins / general purpose 
input 


Test Pins 










test__enable 


1 


1 


CMOS 


2.5v 


TBD 


Test Enable 


generic_tesl 


5 


I/O 


CMOS 


2.5v 


TBD 


Generic test pin, function undefined 


Total Signal 
Pins 


45 
















Power Pins 








gnd 


16 


1 


Power 


N/A 


gnd 


gnd 


vdd \ 


10 


1 


Power 


N/A 


vdd 


vdd l.5v. core voltage 


vdd250 " 


3 


I 


Power 


N/A 


vdd250 


vdd 2.5v.lO voltage 


v<ld330 


5 


1 


Power 


N/A 


vdd330 


vdd 3.3v. IO voltage 


Total Pins 


81 






Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



49 Nov 2002 
Page 536 



SoPEC : Hardware Design 



Mem jet Printhead 



J3 
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35 Memjet Printhead 

This section is quoted verbatim from SoPEC/MoPEC Bilithic Printhead Reference document [10]. 

35.1 Background 

Silverbrook's bilithic Memjet™ printheads are the target printheads for printing systems which will be 
controlled by SoPEC and MoPEC devices. 

This document presents the format and structure of these printheads, and describes the their possible 
arrangements in the target systems. It also defines a set of terms used to differentiate between the types of 
printheads and the systems which use them. 

35.2 Companion Documents 

Currently, this document is only concerned with the structure of the printheads and their systems, with 
regard to the way in which dot data is loaded. 

Refer to the Bilithic Printhead Specification [2] for the complete description of the functionality of these 
devices. 

This document relies on certain definitions and details presented in Bilithic Printhead Specification [2]. 

35.3 Definitions 

This document presents tenninology and definitions used to describe the bilithic printhead systems. These 
terms and definitions are as follows: 

• Printhead Type - There are 3 parameters which define the type of printhead- used in a system: 

• Direction of the data flow through the printhead (clockwise or anti-clockwise, with the printhead 

shooting ink down onto the page). 

• Location of the left-most dot (upper row or lower row, with respect to V+ ). 

• Printhead footprint (type A or type B, characterized by the data pin being on the left or the right of 

V+ where K + is at the top of the printhead). 

• Printhead Arrangement - Even though there are 8 printhead types, each arrangement has to use a spe- 

cific pairing of printheads, as discussed in Section 35.4. This gives 4 pairs of printheads. However, 
because the paper can flow in either direction with respect to the printheads, there are a total of eight 
possible arrangements, e.g. Arrangement 1 has a Type 0 printhead on the left with respect to the 
paper flow, and a Type 1 printhead on the right Arrangement 2 uses the same printhead pair as 
Arrangement 1, but the paper flows in the opposite direction. 

• Color 0 is always the first color plane encountered by the paper. 

• Dot 0 is defined as the nozzle which can print a dot in the left-most side of the page. 

• The Even Plane of a color corresponds to the row of nozzles that prints dot 0. 

Note that throughout this document, where the various printheads and systems are presented, the print- 
heads always shoot ink down onto the page. 

Figure 253 shows the 8 different possible printhead types. Type 0 is identical to the Right Printhead pre- 
sented in Figure 3 in [2], and Type 1 is the same as the Left Printhead as defined in [2], 
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While the printheads shown in Figure 253 look to be of equal width (having the same number of nozzles) it 
is important to remember that in a typical system, a pair of unequal sized printheads may be used. 
_v+ v + 



0 * 0 O 



Color n 



*Q O Q 



-e-Q I ao o 
oqb 600 



000 



Color n 



O OO 



Type 0 printhead 



Type 1 printhead 



OC O 



Color n 



OOO 



OOQ I QO C 
O O €> l| C P O O 



-e-e- 



Color n 



O OO 



Type 2 printhead 

± 



Color n 



QO Q 




Type 3 printhead 

£ 



Color n 



Q ON3 



OOO 



Type 4 printhead 



Type 5 printhead 

V-r 



KB O O 



Color n 



OO O 




Q O 



Color n 



O Q 



Q OK) 



-e-e- 



Type 6 printhead Type 7 printhead v 

Figure 253. Printhead Types 0 to 7 

Table 167 defines the printhead pairing and location of the each printhead type, with respect to the flow of 
paper, for the 8 possible arrangements 

Table 167. Definition of the different printhead arrangements 





^printheadion Ueftj s fae,V3 

^%^S^;t^ggS^ 




Arrangement 1 


TypeO 


Type 1 


Arrangement 2 


Type 1 


Type 0 


Arrangement 3 


Type 2 


Type 3 


Arrangement 4 


Type 3 


Type 2 


Arrangement 5 


Type 4 


Type 5 


Arrangement 6 


TypeS 


Type 4 


Arrangement 7 


Type 6 


Type 7 


Arrangement 8 


Type 7 


Type 6 
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35.4 Biuthic Printhead Systems 



When using the bilithic printheads, the position of the power/gnd bars coupled with the physical footprint 
of the pnntheads mean that we must use a specific pairing of printheads together for printing on the same 
side of an A4 (or wider) page, e.g. we must always use a Type 0 printhead with a Type 1 printhead etc. 

While a given printing system can use any one of the eight possible arrangements of printheads, this docu- 
ment only presents two of them, Arrangement 1 and Arrangement 2, for purposes of illustration. These 
two arrangements are discussed in subsequent sections of this document. However, the other 6 possibilities 
also need to be considered 

The main difference between the two printhead arrangements discussed in this document is the direction 
of the paper flow. Because of this, the dot data has to be loaded differently in Arrangement 1 compared to 
Arrangement 2, in order to render the page correctly. 



35.4.1 Example 1 : Printhead Arrangement 1 

Figure 254 shows an Arrangement 1 printing setup, where the bilithic printheads are arranged as follows: 

• The Type 0 printhead is on the left with respect to the direction of the paper flow. 

• The Type 1 printhead is on the right 
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Type 0 Printhead 



v+ 



Type 1 Printhead 




The printheads are facing downwards. 
The ink is being shot down onto the page. 



Gnd 



tt 



Direction 
of Paper Flow 



Figure 254. Identification of printheads nozzles and shift-register sequences for printheads in 

Arrangement 1 

Table 168 lists the order in which the dot data needs to be loaded into the above printhead system, to 
ensure color O-dot 0 appears on the left side of the printed page. 



Table 168. Order in which the even and odd dots are loaded for printhead Arrangement 1 









M^^^rin^oao^ 
^yyrter^on'tfYe^ghl^ 






Odd 


Loaded second in 
descending order. 


Loaded first in 
descending order 






Even 


Loaded first in 
ascending order. 


Loaded second in 
ascending order. 
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Figure 255 shows how the dot data is demultiplexed within the printheads. 

Type 0 Printhead Type 1 Printhead 



Data[l]~ 
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(ted 

tr 



-Data[0] 



-Data[l] 



Demux^ 
Logic 



Figure 255. Demultiplexing of data within the printheads fn Arrangement 1 

Figure 256 and Figure 257 show the way in which the dot data needs to be loaded into the printheads in 
Arrangement 1 , to ensure that color 0-dot 0 appears on the left side of the printed page. 



Data[l] 

Figure 256. Signalling for a Type 0 printhead in Arrangement 1 



Data[0] <£>$E><&^5^ 

SrClk TJTJTJTJTJTJTJTJ^ 

Rgure 257. Signalling for a Type 1 printhead In Arrangement 1 



35.4.2 Example 2: Printhead Arrangement 2 

Figure 258 shows an Arrangement 2 printing setup, where the bilithic printheads are arranged as follows: 

• The Type 1 printhead is on the left with respect to the direction of the paper flow. 

• The Type 0 printhead is on the right. 
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The printheads are facing downwards. 
The ink is being shot down onto the page. 



Type 0 Printhead 



▼ t 

Direction 
of Paper Flow 
V+ 



Type 1 Printhead 




Gnd 

Figure 258. Identification of printheads nozzles and shift-register sequences for printheads in 

Arrangement 2 

Table 169 lists the order in which the dot data needs to be loaded into the above printhead system, to 
ensure color O-dot 0 appears on the left side of the printed page. 



Table 169. Order in which the even and odd dots are loaded for printhead Arrangement 2 





m 


1811 




Odd 


Loaded first in 
descending order. 


Loaded second in 
descending order. 


Even 


Loaded second In 
ascending order. 


Loaded first in 
ascending order. 
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Figure 259 shows how the dot data is demultiplexed within the printheads. 

Type 0 Printhead Type 1 Printhead 
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Figure 259. Demultiplexing of data within the printheads in Arrangement 2 

Figure 260 and Figure 261 show the way in which the dot data needs to be loaded into the printheads in 
Arrangement 2, to ensure that color 0-dot 0 appears on the left side of the printed page. 



Data[0] 

Data(l] <&Qtf®>&}^ 
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Figure 260. Signalling for a Type 0 printhead in Arrangement 2 



Data[0] 
Data[lJ 
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Figure 261. Signalling for a Type 1 printhead in Arrangement 2 

35.4.3 Conclusions 

Comparing the signalling diagrams for Arrangement 1 with those shown for Arrangement 2, it can be seen 
that the color/dot sequence output for a printhead type in Arrangement 1 is the reverse of the sequence for 
same printhead in Arrangement 2 in terms of the order in which the color plane data is output, as well as 
whether even or odd data is output first. However, the order within a color plane remains the same, i.e. odd 
descending, even ascending. 

From Figure 262 and Table 1 70, it can be seen that the plane which has to be loaded first (i.e. even or odd) 
depends on the arrangement. Also, the order in which the dots have to be loaded (e.g. even ascending or 
descending etc.) is dependent on the arrangement. 
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If the device controlling the printheads can re-order the bits according to the following criteria, then it 
should be able to operate in all the possible printhead arrangements: 

• Be able to output the even or odd plane first. 

• Be able to output even and odd planes in either ascending or descending order, independently. 

• Be able to reverse the sequence in which the color planes of a single dot are output to the printhead. 



y. Arrangement 1 y 



1± 



Paper 



z+ Arrangement 3 y+ 



Paper 



v* Arrangement 5 w 



Paper 



Arrangement 7 ^ 



1± 



Paper 



Arrangement 2 



Paper 



r 

Arrangement 4 




Arrangement 6 




Arrangement 8 



Paper 



-5 — — r 

Figure 262. All 8 Printhead Arrangements 



Table 170. Order in which even and odd dots and planes are loaded into the various printhead 
arrangements 









Arrangement 1 


Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Arrangement 2 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 
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Table 170. Order in which even and odd dots and planes are loaded into the various printhead 
arrangements 









Arrangement 3 


Odd ascending loaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending loaded second 


Arrangement 4 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Arrangement 5 


Odd ascending toaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending loaded second 


Arrangement 6 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Arrangement 7 


Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Arrangement 8 


Odd descending loaded first 
Even ascending toaded second 


Even ascending loaded first 
Odd descending loaded second 
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